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Abstract 
Catechol dioxygenases belong to a family o f non-heme iron enzymes which 
catalyze the oxidative cleavage of catechol. They play an important role in the 
degradation o f aromatic compounds in the biosphere. In the past two decades, a 
number o f biomimetic models for these enzymes have been reported. However, 
model complexes that mimic both structures o f the active site and reactivities o f the 
enzymes are rare. 
Chapter one describes the synthesis and reactivity studies o f the Fe(III) 
complex [Fe(ntb)Cl]Cl2 (1) and the Fe(III)-catecholate complexes 
[Fe(ntb)(X)](CIO4) [ntb = /rz5(2-benzimidazolylmethyl)amine; X 二 
butylcatecholate (dbc) (2), catecholate (3) and tetrachlorocatecholate (tcc) (4)] 
towards oxidative degradation o f catechols. Results showed that the rate o f oxidative 
cleavage of catechols is related to the substituents on the catecholate rings, wi th that 
o f the electron-donating dbc being the most reactive, while that o f the electron-
withdrawing tcc being the most inert. Moreover, both intradiol- and extradiol-
cleavage properties were observed for 2. 
In Chapter 2, the synthesis o f two new model complexes 
[Fe(L^)(MeOH)Cl][BPh4] (14) and [FeCL^jCl] (15) as well as the enzyme-substrate 
model [Fe(L^)(dbc)] (16) [L^H = [MA^-di-(2-benzimidazolylmethyl)-iV-(3,5-di-r^r/-
butyl-2-hydroxybenzyl)]amine; L^H〗 = 2-[bis(3,5-di-?er/-butyl-2-
hydroxybenzyl)aminomethyl]benzimidazole] as close mimics to the histidine and 
tyrosine coordination environment around the Fe(III) center o f catechol dioxygenases 
is described. Oxidative cleavage of catechols have been observed for complex 16. 
Complex 16 was found to be less reactive, as compared to 2, towards oxidative 
cleavage of catechols. This is attributed to a higher electron-donating property of 








第一章敘述了 一系列三價鐵配合物 [ F e ( r u b ) C l ] C l 2 ( l )及和兒茶纷 
配位的三價鐵配合物 [Fe(n tb ) (X) (C104) [rUb = (三苯并咪哩基甲基）胺； 
〜 X=3, 5 -二叔丁基兒茶翰基 ( 2 ) ’兒茶酸基（3) ’及四氯兒茶翰基（4 ) ]的合成 
及對兒茶酷的氧化降解的活性研究。實驗結杲証明，兒茶酷的氧化降解 
速 率 和 在 兒 茶 殷 環 上 的 取 代 基 有 一 定 關 係 。 當 取 代 基 爲 給 電 子 基 團 
時，配合物的活性增強；反之，取代基爲拉電子基團特，配合物的活性 
降 低 。 而 且 配 合 物 2 擁 有 和 的 裂 解 特 性 。 
第二章敘述了兩個新的模型配合物 [Fe (L i ) (MeOH)C i ; i [BPh4 ] (14 ) 
和 [Fe( :L2)Cl ] (15)及醉-底物摸型配合物 [Fe(L i ) (dbc) ] (16) [LiH=[/V,iV-二 
-(2-苯并咪哩基甲基）-/V-(3，5-二叔丁基-2-氫基T基）]胺；L2H2=2-[雙（3,5-
二叙丁基-2-氫基T基 )胺基甲基 ]苯并咪哩 ]的合成。該配合物具有和兒 
茶紛雙加氧 g i 中組氨酸和酷氧酸配位的鐵申心相似的配位環境。同時 
還研究了配合物 1 6對兒茶纷的氧化裂解。實驗發現，配合物 1 6活性 
較配合物 2低’這是齒於相對 r u b而言’配體 L i具有詨強的拉電子特性。 
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CHAPTER I. SYNTHESIS AND REACTIVITY STUDIES OF 
MODEL COMPLEXES FOR INTRADIOL 
DIOXYGENASES WITH BENZIMIDAZOLE-
CONTAINING LIGAND 
I . l INTRODUCTION 
I . l . l General Background 
In the past decades, there has been a growing interest in the studies o f 
nonheme iron enzymes. Most o f these studies aimed at the development o f long-
l ived and environmental friendly catalysts which may be useful in various 
industrially progresses. Recently, considerable research efforts have been focused on 
the studies o f catechol dioxygenases, a class o f non-heme iron enzymes that catalyze 
the oxidative cleavage o f catechols. 
Catechol is a potent irritant that is corrosive at high concentrations. It is 
cytotoxic to all cells at sufficiently high concentration since it can complex with, 
denature, and precipitate proteins. Direct contact wi th catechol causes bums and 
systemic absorption can lead to tissue necrosis in liver, kidneys, urinary tract, and 
heart. 1 Industrial processes such as photographing, fur dying and leather tanning 
often produce this hazard chemical. Catechol can also be found naturally because it 
is a key biochemical intermediate in the dissimilation o f various aromatic compounds 
into the Krebs cycle (Scheme I - l ) . ^ 
1 
QH3 QH3 
Toluene ^ ^ j m-Xylene 
COO' 
r S 
OH 已enzoate n o o " ^ ^ 
^ " " ^ Y ^ O H Naphthalene 
U \ o h Z ^ 
Phenol Salicylate 
Kerbs Cycle ^ ^ ^ catechol 
Succinate 
t 、 
Fumarate Acetyl CoA ,, 
Scheme I - l . 
Catechol dioxygenases were first isolated from soil bacteria such as 
pseudomonas and bacilli.) They are traditionally subdivided into two families, 
namely the intradiol- and extradiol-Q\Q2iVmg enzymes. Intradiol dioxygenases 
catalyze the oxidative cleavage of catechols to muconic acids, whilst ex t radio I 
dioxygenases catalyze the oxidative cleavage of catechols to muconic semialdehydes 
(Scheme 1-2).丨 Therefore, catechol dioxygenases play an important role in Nature 
for the degradation of catechols."^ 
2 
f ^ C O O H . … ， I 




1.1.2 A General Review on the Model Chemistry for Catechol Dioxygenases 
A number o f studies on catechol dioxygenases which aimed at elucidating 
their active site structures and enzymatic mechanisms have been reported.^'^ 
Biomimetic studies can give insights into the factors that affect enzymatic 
mechanisms.7 One approach o f biomimetic studies involves the synthesis o f metal 
complexes, which mimic the active site structures and functions o f various 
matelloenzymes. Since most o f the enzymes are di f f icul t to be isolated and 
modified, biomimetic studies provide important insights and information to the 
understanding o f enzymatic mechanisms. 
1.1.3 Intradiol Dioxygenases 
Catechol 1,2-dioxygenase (CTD) and protocatechuate 3,4-dioxygenase 
(PCD) are intradiol dioxygenases that received the most extensive studies. CTD 
can be isolated from bacteria such as Pseudomonas arvilla and Acinetobacter 
calcoaceticus, while PCD is found in bacteria such as Pseudomonas cepacia, 
Brevibacterium fuscum, and Pseudomonas aeruginosa? Crystal structure and 
spectroscopic information illustrate that the active site of PCD from Pseudomonas 
aeruginosa consists of an iron(III) center wi th a trigonal bipyramidal coordination 
3 
geometry. Tyr447 and His462 occupy the axial positions while Tyr408 and His460 
coordinate at the equatorial sites. The third equatorial ligand is believed to be a 
water molecule (Figure I - l ) .9 - " 
T y w 
丁 y r—〜， 
〉 F e ' " — H2O 
HiS460 
HiS462 
Figure I-1. Active site o f PCD. 
A n early proposed mechanism for intradiol dioxygenases suggested that the 
iron(II I) center o f the enzyme's active site was first reduced to iron(II) by substrate, 
0 10 
fol lowed by binding o f dioxygen to the iron(II) center. ’ However, EPR, 
Mossbauer and stopped-flow kinetic studies showed that the iron center retained its 
high-spin iron(II I) oxidation state even after the binding o f the substrate. 
Accordingly, Que and co-workers proposed a novel substrate activation 
mechanism for the m^r<3<izc>/-cleavage o f catechols (Scheme 1-3). According to this 
mechanism, a catechol molecule loses both phenoxyl protons upon coordination to 
the iron(II I) center, followed by electrophilic attack o f a dioxygen molecule on the 
substrate (substrate activation) that leads to the formation o f an iron(III)-peroxide 
complex. Subsequent decomposition of the peroxide complex regenerates the resting 
state of the enzyme and gives muconic anhydride, which is eventually hydrolyzed to 
give the m^ra(i/o/-cleavage product, muconic acid. 
4 
i f X , H ,0 -Pe / V ^ O H 
r V > � �厂 \。H 
kco8〇〇- ^ ^ O 
V ^ \ 广 02 
k c〇〇H \ r ^ / 
COOH y 




LI. 3.1 Early model studies for intradiol dioxygenases 
The first non-enzymatic ferric complex capable o f catalyzing the dioxygenase 
reaction was reported in the 80’s by the reaction between ferric perchlorate, the 
tetradentate ligand nitrilotriacetate (NTA) , and the substrate dbcKb/^ However, both 
the structures and oxygenation reactivities o f the species involved had not been 
investigated. Unt i l 1987，reactivity studies were first carried out on a series o f 
functional model complexes o f the type [Fe(L)(dbc)]^' [L = N T A , N-(o-
hydroxybenzyl)-iV-(carboxymethyl)glycine (HDA) , yV-(4,6-di-chloro-2-
hydroxybenzyl)-"-(carboxymethyl)glycine (CI2HDA) and yV-(4’6-di-/e"-butyl-2-
hydroxybenzyl)-A^-(carboxymethyl)glycine (Bu2HDA)]. '^ Results o f the latter 
studies indicated that coordination 
environment o f the iron center plays an important 
role in determining the products o f oxidative cleavage of catechols. Since then, a 
5 
number o f functional models have been reported, which greatly contributed to the 
elucidation o f the enzymatic mechanism o f intradiol dioxygenases. 
1.1.3.2 Factors affecting enzymatic reactivity for intradiol dioxygenases 
Wi th the successful development o f functional models for catechol 
dioxygenases, a number o f factors that affect the enzymatic reactivities were 
proposed. In 1988, Que and coworkers prepared a series o f i ron( I I I ) complexes w i th 
different tr ipodal tetradentate ligands, and catechols w i th different substituents.^^ By 
comparing the L M C T bands o f these complexes, they found that replacement o f 
electron-withdrawing substituents on the catecholate moiety w i th electron-donating 
ones raised the energy level o f the catecholate frontier orbitals and thus min imiz ing 
the ligand-to-metal energy gap. Besides, a decrease in basicity o f the supporting 
l igand (pendant oxyanion ligand replaced by softer nitrogen l igand) resulted in a red-
shift o f the L M C T band. It is due to a weakening o f its interaction w i th the metal 
center and hence raising the energy o f the catecholate frontier orbitals. 
The same research group has also prepared another series o f functional 
models, supported by ligands wi th different electron-withdrawing properties, namely 
N T A , 2-[(bis(2-pyridylmethyl)amino)methyl]-4,6-dimethylphenol (HDP), N-
(carboxymethyl)-A^-(2-pyridylmethyl)glycine (PDA), and 7V//-bis(2-
21 
pyridylmethyl)glycine (BPG) (Figure 1-2). The reactivities o f these complexes 
toward dioxygen were shown to be dependent on the electron-withdrawing property 
o f the supporting ligands: the higher the electron-withdrawing property o f the ligand, 
the higher w i l l be the Lewis acidity o f the ferric center and semi-quinone character 
on the catecholate moiety, and hence the higher w i l l be the reactivity o f the complex 
toward dioxygen. In 1991，Que and coworkers reported the preparation o f the 
enzyme-substrate model complex [Fe(TPA)(dbc)](BPh4) (TPA = tris(2-
6 
pyridylmethyl)amine, Figure 1-2)， which was shown to be highly reactive toward 
dioxygen, giving z«/ra<i/o/-cleavage products wi th a rate constant k = 15 M"^ s'' in 
DMF. 
? • x - O 
H s C y y ^ N N j 广 COO- ^ c o o " 
V N A _ 0 0 C 厂 N 、 [ p r ^ N 、 
CH3 OOC COO" 
HDP NTA PDA 
f 1 ) 
。 N c 〇 〇 - N ^ 
BPG TPA 
Figure 1-2. Structures o f N T A , HDP, PDA, BPG, and TPA. 
LI. 3.3 Other functional models for intradiol dioxygenases 
A number of functional models derived from supporting ligands wi th various 
substituents have also been reported. ‘ These studies strengthened the early 
proposed chemistry for catechol dioxygenases. A novel functional model complex, 
containing the tetraazamacrocyclic ligand A^,//-dimethyl-2,11 -
diaza[3，3](2,6)pyridinophane (L-N4Me2) (Figure 1-3)，which showed catalytic 
activity was reported by Kriiger and co-worker^^ in 1995. It was shown that this 
compound catalyzed the intradiol-Q\Q?iW2igQ o f catechol to muconic anhydride (major 
product) and benzoquinone (minor product) wi th a turnover number of 54. 
7 
NMe MeN 
C n 3 
1_零62 
Figure 1-3. Structure o f L-NiMe〗. 
1.13.4 Reactivity studies of model complexes 
The first report on identification o f cleavage products for model complexes o f 
• • 27 
intradiol dioxygenase was published in 1984. As reported, functional model 
complexes were reacted wi th dbcH: in air for four days to y ie ld the oxidative 
cleavage products, which were then separated by column chromatography on a silica 
gel column using chloroform as eluent. Since then, reactivity studies o f other 
functional model complexes were carried out according to a modif ied procedure 
based on this method. Techniques like GCMS,^^'^^ H P L C / ^ are the commonly 
employed methods for the detection and identification o f cleavage products. 
The rate o f oxygenation reaction for iron-catecholate complex was first 
reported by a research group in Minnesota.^^ The oxygenation kinetics o f the 
enzyme-substrate complex, [Fe(TPA)(dbc)](BPh4)，was studied by monitoring the 
disappearance o f the low-energy charge-transfer band in its UV-V is spectrum during 
the oxygenation reaction. This method has been widely applied in other studies o f 
reactivities o f functional models for intradiol dioxygenases.^^'^^'^® 
1.1.4 Extradiol Dioxygenases 
Unlike intradiol dioxygenases that can be found solely in bacteria, Qxtradiol 
dioxygenases can be found in both bacteria (eg. catechol 2,3-dioxygenase from 
8 
Pseudomonas putida and protocatechuate 4,5-dioxygenase f rom Pseudomonas 
testosteroni) and mammals (eg. 3-hydroxyanthranilate 3,4-dioxygenase in tryptophan 
metabolism and homogentisate 1,2-dioxygenase in tyrosine metabolism).^ The 
structure o f the enzyme was unknown unt i l recently. Single crystal o f an extradiol 
dioxygenase, 2,3-dihydroxybiphenyl 1,2-dioxygenase (BphC) has been isolated and 
structurally characterized.^^ As reported, the iron(II) active site was found to be 
coordinated in a square pyramidal environment, w i th His 146 occupying the apical 
position, His210, Glu260 and two water molecules occupying the equatorial sites 
(Figure 1-4). 
HiSi46 
H2O, ‘、、、、、HiS2 io 
Fe" 
H2O ‘ 、 G I U 2 6 0 
Figure 1-4. Act ive site o f BphC. 
A mechanism for the extmdioMescvage o f catechol has been proposed by 
Que (Scheme 1-4).^^ According to this mechanism, it is dioxygen, instead o f the 
substrate catechol, being activated during the enzymatic turnover. In this 
mechanism, the deprotonated substrate first binds to the iron(II) center, fol lowed by 
the nucleophilic attack o f a dioxygen molecule onto the metal. Electron transfer 
from the metal to the dioxygen molecule results in the formation o f a superoxide-like 
moiety and imparts nucleophilic character to the dioxygen molecule. As a 
consequence, a semiquinone character is generated on the catecholate moiety. Then, 
the nascent nucleophilic superoxide attacks the carbon atom adjacent to the enediol 
via a Michael-type addition to form a peroxy intermediate. Decomposition o f this 
9 
intermediate via a Criegee-type rearrangement, fol lowed by hydrolysis gives the 
ex/7W/o/-cleavage product, muconic semialdehyde. 
H.O 。 
2 /^^ ：^：^ 。^- 2 HP H-B-Enz [| 
广 C H 。 h Z 乂 i n 
I / 2H2O 
^ ^ O H B.Enz \ 
「 T u - B - E n z 
k COOH / ^ > ^ 6 、 、 I 
CHO. 6 r ) e 丨  
k 々 0 I I Fe" X o V _ o ^ o ^ 丫 。 2 
. 以 。 z > 
X / HZB-Enz ,广 
\ 一 、 、 、 J - � 
Scheme 1-4. 
10 A 
1.1.4.1 Early model studies for extradiol dioxygenases 
Owing to a l imited structural information on extradiol dioxygenases and the 
air sensitive nature o f iron(II) complexes, reports on model studies for extradiol 
dioxygenases are scarce as compared to those o f intradiol dioxygenases. The earliest 
biomimetic study on extradiol dioxygenases was conducted in 1986 by Funabiki et 
al?^ who showed that FeCl〗 in THF/H2O catalyzed the oxidative cleavage o f dbcH? 
to extradiol-oXQdiWdigQ products in 40 % yield. However, the relevant reactive species 
in the reaction have not been characterized. 
Que and coworkers have also reported a structural model for extradiol 
dioxygenases.34 The first mononuclear iron(II) catecholate complex wi th a tripodal 
tetradentate ligand, namely 6TLA, as a supporting ligand was structurally 
characterized (Figure 1-5). However, oxygenation reaction o f this complex gave 
exclusively m^raJzoZ-cleavage products. The iron(II) center was believed to be 
oxidized by oxygen before the ex^rat/zoZ-cleavage can take place. 
广 N 人 
f V ^ L I���� \ \ \0>^VC 
k^N l l i n丨丨广…》Fe I T / mZ 
Figure 1-5. Structure of [Fe"(6TLA)(dbc)] 
In 1999, a polyoxoanion-supported iron(II) complex, (n-
Bu4N)7[(CH3CN).xFeiip2Wi5b3〇62]，was reported by a Japanese research group as a 
functional model for extradiol dioxygenases.^^ Although this polyoxoanion-based 
complex is oxidation resistant and produces exclusively ex/ra^/zoZ-cleavage products 
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upon oxygenation reaction, its unique and complicated structure gives litt le 
contribution to the elucidation o f the ex/raJ/oZ-cleavage mechanism. 
LI.4.2 Iron(III) complexes with extradiolproperties 
Early studies illustrated that ex/ra<izo/-cleavage can also be elicited by 
catechol 1,2-dioxygenase, w i th some substrate a n a l o g u e s , w h i c h means that even 
iron(II I)-containing enzyme can carry out this chemistry. This provides another 
route for elucidating the ex^rat/zoZ-cleavage mechanism through the study o f i ron(I I I ) 
systems. 
Mode l complex w i th such property was first discovered in 1993，when the 
complex [Fe(TACN)(dbc) ]Cl ( T A C N = 1,4,7-triazacyclononane) was shown to give 
quinone and the extradiol cleavage-products, 3,5-bis( 1,1 -dimethylethyl)-2H-
1Q 
pyranone and 4,6-bis( 1,1 -dimethylethyl)-2H-pyranone, in oxygenation reaction. 
Interestingly, no zw^rac/zoZ-cleavage product was found in this system. 
To further investigate the mechanism o f this strange system, Que fol lowed 
the work and found that 6-coordinate iron(III)-catecholate complexes gave only 
intradiol-oXQdLYdigQ products upon exposure to dioxygen, whi lst 5-coordinate ones 
gave intradiol and/or extradiol products.^^ In details, ex^raJ/oZ-cleavage was 
inhibited in the presence o f coordinating anion such as acetate, but favored in the 
presence o f non-coordinating anion such as tetrafluoroborate. This f inding gives an 
explanation to the [Fe(TACN)(dbc)]CI system, in which the labile chloride anion is 
the key factor for the observed ex?n3(iz.o/-cleavage pathway. Later, results from a 
Japanese research group also showed that coordinatively unsaturated iron(II I) 
complex is essential for ex^raJzoZ-cleavage to be o c c u r r e d ? 
Recently, Que and coworkers illustrate the relationship between the 
coordination geometry o f 5-coordinate iron-catecholate complexes and the 
12 
regiospecificity o f the oxidative cleavage reaction]® They have prepared tridentate 
ligands that can coordinate to iron(III) center either in a facial or meridional fashion 
and studied the oxygenation reactivities o f those complexes. From the results 
obtained, they proposed that facial ligands favor the binding o f dioxygen to metal 
center in an opposite face to the catecholate. This leads to the formation o f a 
tridentate peroxo intermediate and eventually extradiol-clQSiVdigQ o f catechol. For 
meridional ligands, two circumstances can occur. The dioxygen may bind to the 
metal center in the same plane as the catecholate, to which it cannot attack. Instead, 
metal center acts as a conduit for electrons from substrate to dioxygen, which 
generates quinone. The dioxygen may also attack the substrate, as it does in the 
substrate activation mechanism�，to give m/raJzoZ-cleavage products. The proposed 
mechanisms are summarized in Scheme 1-5. 
Facial ligand Meridional ligand 
广 N 广N 
e 、 O ^ Q ^ V I 
^ O2 
. 
o 、 。 . J T . oz 
V V 
extradiol- auto- intradiol-
cleavage oxidation cleavage 
Scheme 1-5. 
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1.1.5 Objective of This Work 
Although extensive studies have been reported on model studies o f intradiol 
dioxygenases, functional models that mimic both the histidine and tyrosine 
environment around the active site are scarce.29'4i Recently, Krebs and co-workers 
have shown that iron ( I I I ) complex containing the ligand tris(2-
benzimidazolylmethyl)amine (ntb) could catalyze the oxidative cleavage o f dbcH^ to 
an intradiol-Q\Q2iy2igQ product, 3,5-di-^er/-butyl-l-oxacyclohepta-3,5-dien-2,7-
dione.3° However, isolation o f the cooresponding iron-catecholate complex has not 
been reported. Moreover, information on the effect o f substituents on catechol ring 
was limited.42 
The objective o f this research work is to synthesize i ron(I I I ) complexes as 
functional models for catechol 1,2-dioxygenase. These complexes contain the 
tripodal tetradentate ligand, ntb, as the supporting ligand. The effect o f electron-
withdrawing and -donating substituents on the catecholate r ing w i l l also be 
investigated. Thus, catH�，dbcH�，and tccH: w i l l be used in our studies. 
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1.2 RESULTS A N D DISCUSSION 
1.2.1 Synthesis of the Ligand Ntb 
Ntb was synthesized from 1,2-phenylendiamine and nitrilotriacetic acid 
according to published procedure (Scheme I-6).43 This ligand was chosen as the 
supporting ligand in our studies because: (1) the benzimidazole groups on ntb were 
structurally very similar to histidine (Figure 1-6), which is one of the amino acid 
residues coordinating to the metal center in the active site of the native enzymes; (2) 
ferric complexes with a N4 type chelating ligand are potential functional models for 
intradiol catechol d i o x y g e n a s e s . i 9 ’ 2 。 ’ 2 2 . 2 6 ’ 4 2 j ^ g ligand ntb, being a tripodal 
tetradentate ligand, provides 4 ligation centers (3 benzimidazolyl nitrogens and 1 
amino nitrogen) which act as a typical N4-type neutral ligand. 
N ^ y 
NH2 COOH N f ^ ^ N 
( ^ N H N ^ 
Scheme 1-6. 
H ° 
( y v ^ o H 
N J NH2 
Figure 1-6. Structure of histidine. 
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1.2.2 Synthesis of the Mode l Complex [Fe(ntb)Cl2� CI 
The model complex, [Fe(ntb)Cl2]Cl (1)44 观$ synthesized by reacting 
hydrated iron(I I I ) chloride wi th the ligand ntb (Scheme 1-7). 
_ _ + 
f l h n V 
V n H E tOH ( / C I 
Fee 丨 3例2〇+ / a -
1 
Scheme 1-7. 
Complex 1 is a red crystalline substance which is only slightly soluble in 
ethanol and methanol at room temperature. Single crystals suitable for X-ray 
structural determination were obtained by slow diffusion o f diethyl ether into a 
solution of the complex in acetonitrile and ethanol (v/v 二 1:1). 
1.2.3 Synthesis of Enzyme-Substrate Model Complexes 
The enzyme-substrate model complexes [Fe(ntb)(dbc)](Cl〇4) (2), 
[Fe(ntb)(cat)](Cl〇4) (3广 and [Fe(ntb)(tcc)](Cl〇4) (4)44 were prepared from the 
reaction of 1 with the appropriate catechols under an inert atmosphere (Scheme 1-8). 
16 
一 + 
HN 丫 . EtgN, NaCI04 
H 0 Y R 3 
ci. 
/ f ^ ^ N / ^ N - ^ 2,3: EtOH, MeCN, r. t. 





C J hn 込 
2: R1 = R 3 = ' B u , R2 = R4 = H. 
3: R1 = R2 = R3 = R4 = H. 
4: R1 = R2 = R3 = R4 = CI. 
Scheme 1-8. 
Treatment of 1 wi th dbcH2 and catH! in the presence o f triethylamine and 
sodium perchlorate gave complexes 2 and 3 as violet and dark green crystals, 
respectively. Single crystals o f 2 suitable for X-ray structural determination were 
recrystallized from methanol at room temperature. 3 was dissolved in acetone-
ethanol mixed solvent (v/v = 1:1) and layered wi th n-pentane to give dark green 
crystals suitable for X-ray structural determination. 
Complex 4 was prepared by a similar reaction from 1 and tccH2 in an 
acetone-acetonitrile-ethanol solvent mixture (v/v/v 二 2:2:1). The product was 
recrystallized from acetone-acetonitrile-methanol (v/v/v = 2:2:1) to give complex 4 
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as black crystals which were suitable for X-ray structural determination. Complexes 
2，3 and 4 were all soluble in acetone, acetonitrile, ethanol, and methanol. 
1.2.4 Oxygenation Reactivities of Enzyme-Substrate Model Complexes 2-4 
Oxygenation reactions have been performed by treating complexes 2-4 wi th 
dioxygen in D M F (Scheme 1-9). By employing the enzyme-substrate complexes 2-
4, instead o f the enzyme model (complex 1)，for oxygenation studies can prevent the 
formation o f any side products which may be generated f rom the reaction o f 1 and 
catechols. The reactions were monitored by wavelength scan f rom 300 to 800 nm, 
using a Beckman DU-7500 Photo-Diode Array Spectrophotometer. 
• 2 
2, 3 and 4 oxidative cleavage products 
DMF 
Scheme 1-9. 
1.2.4.1 Oxygenation of [Fe(ntb)(dbc)](Cl04) (2) in DMF 
A solution o f complex 2 in D M F (0.2 m M ) was reacted wi th dioxygen at 
room temperature. The reaction was monitored by an UV-V is spectrophotometer 
wi th data taken every 15 min (Figure 1-7). The UV-V is spectrum o f complex 2 was 
dominated by two moderately intense bands at 448 nm and 750 nm. The lower 
energy absorption band, which is assigned to the catecholate-to-Fe"^ charge-transfer 
t r ans i t i on ,was observed to decrease with time. This indicated the breaking o f the 
iron-catecholate bonds during the reaction. On the other hand, an increase in the 
absorbance o f the higher energy band with time indicated the formation o f oxidative 
cleavage products. Kinetic study was carried out by monitoring the decay of the 
18 
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lower energy band wi th time (Figure 1-8). A plot o f In(absorbancc) vs time showed a 
straight line, indicating that the cleavage o f dbcH2 obeyed a pseduo first order 
kinetics in the presence o f an excess o f dioxygen. The rate constant o f the reaction 
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Figure 1-8. Plot o f In(absorbance) (at 750nm) versus time at room temperature. 
1.2.4.2 Oxygenation of [Fe(ntb)(cat)](Cl04) (3) in DMF 
A solution o f complex 3 in D M F (0.4 m M ) was reacted w i th dioxygen at 
room temperature. The reaction was monitored by an UV-V i s spectrophotometr w i th 
data taken at an hourly basis (Figure 1-9). The UV-V i s spectrum o f complex 3 was 
dominated by three moderately intense absorption bands (355 nm, 428 nm and 700 
nm). Similar to complex 2，the lower energy band, which was assigned as 
catecholate-to-Fe"^ charge-transfer t r a n s i t i o n , w a s observed to decrease wi th time, 
whi le the absorbance o f the other two absorptions increased w i th time. This 
phenomenon indicated the breaking o f iron-catecholate bonds and the formation o f 
oxidative cleavage products during the reaction. Kinetic study was carried out in a 
similar way as that o f complex 2 (Figure I-10). The cleavage o f catH〗 also obeyed a 
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Figure I- IO. Plot o f In(absorbance) (at 700 nm) versus time at room temperature. 
1.2.4.3 Oxygenation of [Fe(ntb)(tcc)�(Cl04) (4) in DMF 
A solution o f complex 4 in D M F (0.3 m M ) was reacted wi th dioxygen at 
room temperature. The reaction was monitored by an UV-V i s spectrophotometer 
wi th data taken at an hourly basis (Figure I - l 1). The UV-V is spectrum o f complex 4 
was dominated by three moderately intense absorption bands (353 nm, 471 nm and 
620 nm). Similar to complexes 2 and 3, the lower energy band was observed to 
decrease wi th time, while the absorbance o f the other absorptions increased wi th 
time. Therefore, the breaking o f iron-catecholate bonds and the formation o f 
oxidative cleavage products during the reaction were also observed for complex 4. 
Kinetic study was carried out in a similar way as those o f complexes 2 and 3 (Figure 
1-12). The cleavage of tcc also obeyed a pseduo first order kinetics wi th a rate 
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Figure 1-12. Plot o f In(absorbance) (at 620 nm) versus time at room temperature. 
1.2.4.4 Comparison of the oxygenation reactivities of complexes 2-4 
Results o f oxygenation studies for complexes 2-4 are summarized in Table 1-
1. Complex 2 is the most reactive one among the three iron-catecholate complexes 
wi th a rate constant 140 times larger than that o f 3, whereas complex 4 is the least 
reactive one having a rate constant 350 times smaller than that o f 2. This is 
attributed to an electronic effect o f the substituents on the catecholate moieties: the 
electron-donating 'Bu groups in 2 versus the electron-withdrawing CI groups in 4. 
Electron-donating substituents raise the energy o f the catecholate frontier orbitals 
and thus minimizing the ligand-to-metal energy gap. This enhances the semiquinone 
character on the catecholate moiety, rendering the complex more reactive towards 
dioxygen.20,21 This is consistent with a blue shift o f the low energy absorption band 
for complex 2 < 3 < 4. 
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Table I - l . Oxygenation Reactivities of Complexes 2-4. 
Compound Xmax (nm) k (IvT' s') 
[Fe(ntb)(dbc)](C104) (2) in D M F 448,750 ^ 
[Fe(ntb)(cat)](C104) (3) in D M F 355 ,428 ,700 0.025 
[Fe(ntb)( tcc)] (C104)⑷ in D M F 353，471,620 0.01 
Table 1-2 shows the absorption maxima and the rate constants for other Fe-
dbc complexes reported in the literatures. The reaction rate o f the f ive complexes 
increases in the order o f HDP < N T A < PDA < BPG < TPA, which is consistent w i th 
the increase in the Lewis acidity o f the ferric center and semiquinone character on the 
1 
catecholate moiety, as suggested by Que and Cox (Structures o f the f ive ligands are 
shown in Figure 1-2). For complex 2, the benzimidazolyl groups on the l igand ntb 
provide a higher electron-donating property as compared to the pyr idy l groups on 
TPA. On the other hand, the electron-donating property o f ntb is lower than that o f 
BPG, which contain a carboxylic group. Thus, reactivity o f 2 lies between those o f 
[Fe(BPG)(dbc)] and [Fe(TPA)(dbc)]+ which is consistant w i th the suggestion by Que 
and Cox. I t should be emphasized that even the complex [Fe(TPAXdbc)]+ has a 
reactivity much lower than that o f the native enzyme (2.5 X 10^ M'^ 
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Table 1-2. Absorption Maxima and Rate Constants of Other Fe-dbc 
Complexes. 
Compound 入max (nm) k (M】s'丨 in DMF) Reference 
;Fe(HDP)(dbc)] 476，726 0.0033 
[ F e ( N T A ) ( d b c ) f 408,622 0.037 19 
[Fe(PDA)(dbc)] ' 444,688 0.043 21 
[Fe(BPG)(dbc)] 488,764 0.18 21 
[Fe(TPAXdbc)]+ 568,883 15 22 
1.2.5 Identification of Oxidative Cleavage Products 
The highest reactivity o f 2 towards dioxygen, as compared to that o f 3 and 4 
renders the study o f its oxidative cleavage products easily to be carried out. 
Moreover, it has been reported that cleavage products o f dbcH〗 is much more stable 
and resistant toward polymerizat ion/ 
1.2.5.1 Isolation of oxidative cleavage products of complex 2 
The oxidative cleavage products were obtained in situ by stirring a solution o f 
complex 2 in methanol in a saturated oxygen environment for three days. A l l the 
volatiles in the resulting mixture were removed in vacuo, g iv ing a crude product 
mixture as a dark brown solid, which was then redissolved in chloroform and filtered 
by silica gel in order to remove the ferric salts that are present in the mixture. 
1.2.5.2 Identification of cleavage products 
The purif ied product was subjected to GCMS analysis. Six peaks were 
observed in the chromatogram at retention times 10.42, 12.20, 13.19, 13.34，14.09, 
and 21.45 min, respectively. 
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The major peak at retention time 13.19 min corresponds to the signal o f 3,5-
di-^er/-buty 1-1,2-benzoquinone (5) (52.9 %) (Figure 1-15), which is the auto-
oxidation product o f dbcH2. The second major peak at retention time 13.34 min 
indicates the present o f the m/raJzoZ-cleavage product, 2,4-di-&r"butyl-5-oxo-2，5-
dihydrofi iran-2-yl acetic acid methyl ester (6) (27.6 %) in the cleavage products. 
— _ 〇 
CHfiOOMe 
5 6 
Figure 1-15. Structure o f 5 and 6. 
The peak at retention time 10.42 min was assigned to the intradiol-clQSLvagQ 
product, 3-位竹-butylfliran-2,5-dione (7) (2.3 %) whi le that at retention time 12.20 
min was assigned to the extradiol-c\Q2LYa.gQ product, 3,5-di-/er"butyl-2-pyrone (8) 
(1.6 %). Funabiki et al?^ suggested that 8 was obtained by thermal conversion o f 
cf5-cw-3,5-di-^er?-butyl-2-hydroxymuconic semialdehyde inside the GC column 
through an intermediate, 4,6-di-?^r?-butyl-1 -oxacyclohepta-4,6-diene-2,3-dione (9) 
(Scheme I-IO). 





The peak at retention time 14.09 min was due to the presence o f unreacted 
dbcH2 (2.7 %) in the reaction mixture. However, the peak at retention time 21.45 
min was not identified due to insufficient information provided. Besides the 
unidentif ied peak, oxygenation reaction o f complex 2 in methanol yielded mainly 
auto-oxidation and extradiol-oXtdcwdLgQ products. The lack o f intradiol-clQaYSigQ 
product obtained in this iron(III)-catecholate system is believed to be related to the 
specific structure o f complex 2 which w i l l be discussed in the later section. 
1.2.6 Physical Characterization of Complexes 1-4 
Complexes 1 -4 have been characterized by elemental analysis, melting-point 
measurement, cyclic voltammetry, EPR spectroscopy, in addition to single-crystal X -
ray diffraction studies. 
L 2.6.1 Melting-points 
Melting-points o f complexes 1 -4 are summarized in Table 1-3. A l l four 
complexes 1-4 are thermally stable and decomposed only at temperature higher than 
220 °C. Among them, complex 3 is the most thermally stable one. It decomposed at 
temperature higher than 400 
Table 1-3. Melting-points of Complexes 1-4. 
Compound Melting-point (^C) 
[Fe(ntb)Cl]Cl2 (1) 221 -224 (dec.) 
[Fe(ntb)(dbc)](C104) (2) 223 -225 (dec.) 
[Fe(ntb)(cat)](C104) (3) > 400 (dec.) 
[Fe(ntb)(tcc)](C104) (4) 247 - 249 (dec.) 
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1,2.6,2 Cyclic voltammograms 
The electrochemical properties o f complexes 2-4 have been studied by cyclic 
vol tammetry. A l l potentials were measured in methanol solution w i th 
tetrabutylammonium tetrafluoroborate as the supporting electrolyte. The cyclic 
voltammograms o f 2-4 were shown in Figures 1-16,1-17 and 1-18, respectively. For 
compound 2, a reversible oxidation peak at Ey^ 二 95 m V (AE = 86 m V ) was observed 
which is attributed to the coordinated dbsq/dbc couple.^^ For complexes 3，an 
irreversible oxidation process was observed at Ea 二 115 mV，which is attributed to 
the oxidation o f catecholate to 1,2-benzo-semiquinone. Wh i le for complex 4, 
irreversible oxidation peak was observed at Ea = 523 m V , wh ich is corresponded to 
the tcsq/tcc couple. Reduction processes were only observed for complexes 3 (-381 
and -795 m V ) and complex 4 (-134 and - 6 1 4 mV) . 
-3.00E-05 
/ - k 
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Figure 1-16. Cyclic voltammogram o f 2. Supporting electrolyte; 0.12 M 
[N"Bu4][BF4], sweep rate: 100 mVs' ' . 
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Figure 1-17. Cyclic voltammogram of 3. Supporting electrolyte: 0.12 M 
[N"Bu4][BF4], sweep rate: 100 rnVs: 
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Figure 1-18. Cyclic voltammogram of 4. Supporting electrolyte: 0.12 M 
[N"Bu4][BF4], sweep rate: 100 mVs"'. 
1.2.6.3 EPR spectra 
The EPR spectra of complexes 2-4 have been measured at temperatures 
below 10 K (Figure 1-19, 1-20 and 1-21). 2 elicits a signal at g = 4.18. 3 and 4’ on 
the other hand, show signals at g 二 4.27 and g = 4.26, respectively. These signals 
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indicate the presence o f a high-spin ferric center in these complexes. These results 
are consistent wi th the results reported in the literatures that the iron center o f the 
native enzyme retained its high-spin i ron(I I I ) oxidation state throughout the catalytic 
reaction. 13-16 
1 4 0 0 0 -1 
1 2 0 0 0 -
1 0 0 0 0 -
8 0 0 0 -
6000 - / 
毛 4 0 0 0 - / 
^ 2 0 0 0 - J 
� -
- 2 0 0 0 - / 
- 4 0 0 0 - / 
-6000 - V 
- 8 0 0 0 -I 1 1 1 1 1 1 
0 1 0 0 0 2 0 0 0 3 0 0 0 4 0 0 0 5 0 0 0 6 0 0 0 
M a g n e t i c F i e l d / G 
Figure 1-19. EPR spectrum of 2 dissolved in MeOH. Spectrum at ca. 4 K was 
obtained at 9.424 GHz wi th 100 kHz modulation frequency and a 
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Figure 1-20. EPR spectrum o f 3 dissolved in MeOH. Spectrum at ca. 4 K was 
obtained at 9.424 GHz wi th 100 kHz modulation frequency and a 
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Figure 1-21. EPR spectrum of 4 dissolved in MeOH. Spectrum at ca. 4 K was 
obtained at 9.424 GHz with 100 kHz modulation frequency and a 
sweep width of 4000 G. 
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1.2.7 Molecular Structures of Complexes 1-4 
1.2.7.1 Molecular structure of fFe(ntb)CI2JCHH2O (1) 
The molecular structure o f complex 1 wi th the atom numbering scheme is 
shown in Figure 1-22. Selected bond distances (人）and angles (。）are listed in Table 
1-4. Complex 1 crystallizes in a monoclinic crystal system wi th the space group 
P2i/c. The ferric center is coordinated to three benzimidazolyl nitrogen atoms N(2), 
N(4)，N(6), and one amino nitrogen N ( l ) from the tetradentate ligand, together wi th 
two chloride ions affording a 6-coordinate complex wi th a distorted octahedral 
structure. The three benzimidazolyl nitrogen atoms and the chloride ion Cl(2) define 
the equatorial plane (angle sum = 353.42°). The remaining axial positions are 
occupied by the amino nitrogen N ( l ) and the second chloride ion C l ( l ) wi th the 
N( l ) -Fe ( l ) -C l ( l ) angle of 175.5 (1)。. 
Table 1-4. Selected Bond Distances ( A ) and Angles (。）for Complex 1. 
[Fe(ntb)Cl2]C1.4H20 (1) 
Fe(l)-N(6) 2.075(5) Fe( l)-N(2) 2.084(5) 
Fe(l)-N(4) 2.108(5) Fe( l ) -C l ( l ) 2.231(2) 
Fe(l)-Cl(2) 2.313(2) Fe ( l ) -N( l ) 2.317(5) 
N( l ) -Fe( l ) -C l ( l ) 175.5 (13) N(2)-Fe(l)-Cl(2) 91.88(14) 


















L2.7,2 Molecular structure of [Fe(ntb)(dbc)�(Cl04)*2Me0H.H20 (2) 
The molecular structure o f complex 2 with the atom numbering scheme is 
shown in Figure 1-23. Selected bond distances ( A ) and angles (。）are listed in Table 
1-5. Complex 2 crystallizes in a monoclinic crystal system wi th the space group 
P2i/n. The ferric center is coordinated to the four nitrogen atoms N ( l ) , N(3), N(5), 
and N(7) o f the ntb ligand, together wi th the two oxygen atoms from the dbc ligand, 
affording a 6-coordinate complex wi th a distorted octahedral structure. The nitrogen 
atoms N ( l ) , N(3), N(7), and the oxygen atom 0(1) define the equatorial plane (angle 
sum = 360.45°), whereas the benzimidazolyl nitrogen atom N(5) and the oxygen 
atom 0(2) occupying the axial positions wi th the N(5) -Fe( l ) -0(2) angle o f 175.5 
⑴。. 
Table 1-5. Selected Bond Distances ( A ) and Angles (。）for Complex 2. 
[Fe(ntb)(dbc)](C104).2Me0H.H20 (2) 
Fe(l)-N(7) 2.406(5) Fe(l)-N(3) 2.129(5) 
Fe(l)-N(5) 2.121(5) Fe ( l ) -N ( l ) 2.109(5) 
Fe( l ) -0(2) 1.970(4) Fe( l ) -0(1) 1.893(4) 
N(5)-Fe( l ) -0(2) 175.52(18) N( l ) -Fe( l ) -0 (1 ) 107.71(17) 






















1.2,7.3 Molecular structure offFe(ntb)(cat)J(Cl04) 'H2O (3) 
The molecular structure o f complex 3 with the atom numbering scheme is 
shown in Figure 1-24. Selected bond distances (人）and angles (。）are listed in Table 
1-6. Complex 3 crystallizes in a triclinic crystal system with the space group PI. The 
compound consists of two independent molecules o f nearly the same structure. The 
mononuclear ferric center is bound by the four nitrogen atoms N ( l ) , N(2)，N(5), and 
N(7) o f the ntb ligand. Coordination of the two oxygen atoms 0 (1 ) and 0(2) 
complete a distorted trigonal bipyramidal coordination environment around the metal 
center. The two Fe( l ) -N ( l ) distances o f 2.465 人 and 2.487 A are long, indicating a 
week interaction between the N ( l ) center and the metal center. The two 
benzimidazolyl nitrogen atoms N(2) and N(7) and the oxygen atom 0(1) define the 
equatorial plane (angle sum = 359.09° and 359.34。)，whereas the axial positions are 
occupied by the oxygen atom 0(2) and amino nitrogen N(5) with the N(5)-Fe(l)-
0 (2) angles of 170.49(5)。and 169.55(6)。，respectively. 
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Table 1-6. Selected Bond Distances ( A ) and Angles ((>) for Complex 3. 
[Fe(ntb)(cat)](C104)-H20 (3) 
Fe(l)-N(5) 2.1134(13), Fe(l)-N(2) 2.085(2), 
2.1259(13) 2.0808(13) 
Fe( l)-N(7) 2.0824(14), Fe⑴-0(2 ) 2.0124(11)， 
2.073(2) 1.9815(12) 
Fe( l ) -0(1) 1.8994(11)， Fe ( l ) -N ( l ) 2.465,2.487 
1.9026(12) 
N(2)-Fe( 1 )-N(7) 140.26(5), N(2)-Fe( 1 )-〇(1) 105.18(5), 
140.97(5) 112.09(6) 
N(7)-Fe( l ) -0(1) 113.65(6)， N(5)-Fe( l ) -0(2) 170.49(5)， 
106.28(5) 169.55(6) 



















I.2J.4 Molecular structure of [Fe(ntb)(tcc)](CIO4)-MejCiO) hhO (4) 
The molecular structure of complex 4 with the atom numbering scheme is 
shown in Figure 1-25. Selected bond distances (人）and angles (。）are listed in Table 
1-7. Complex 4 crystallizes in a monoclinic crystal system with the space group 
P2/n. The ferric center is coordinated by the four nitrogen atoms N ( l ) , N(3), N(5), 
and N(7) o f the ntb ligand, together with two oxygen atoms 0 (1 ) and 0(2) o f tcc， 
affording a 6-coordinate complex wi th a distorted octahedral structure. The two 
benzimidazolyl nitrogens N ( l ) and N(7), the amino nitrogen N(3), and the oxygen 
atom 0(2) define the equatorial plane (angle sum = 360.20°), whilst the 
benzimidazolyl nitrogen atom N(5) and the second oxygen atom 0(1 ) occupying the 
axial positions wi th the N(5)-Fe( l ) -0(1) angle of 174.71(8)。. 
Table 1-7. Selected Bond Distances ( A ) and Angles for Complex 4. 
[Fe(ntb)(tcc)](C104).Me2C(0).H20 (4) 
Fe(l)-N(3) 2.398(2) Fe(l)-N(5) 2.101(2) 
Fe( l ) -N( l ) 2.084(2) Fe(l)-N(7) 2.079(2) 
Fe ⑴ - 0 ( 2 ) 1.972(2) Fe( l ) -0(1) 1.912(2) 
N(5)-Fe(l)-〇(1) 174.71(8) N(7)-Fe(l)-〇(2) 107.09(9) 






















L2J.5 Comparison of the molecular structures of complexes 1-4. 
The Fe-Nbenzimidazoiyi distance o f 2.089 A in 1 is similar to the corresponding 
bond distances o f 2.120 A in 2，2.094 入 in 3，and 2.088 人 in 4. The observed Fe-
Namino distanccs in 1, viz. 2.317(5) A , is slightly shorter than the corresponding 
distances observed in 2-4. This may be attributed to the coordination o f the 
catecholate ligands in the latter complexes. The F e - N a m i n o distances in 2 - 4 (2.406(5) 
人 in 2，2.465 and 2.487 人 in 3, and 2.398(2) A in 4) are worth discussing. The 
longer Fe-Namino distances observed in these complexes suggest a weak interaction 
between the iron center and the amino nitrogen center o f ntb, rendering the 
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complexes a pseduo-trigonal bipyramidal geometry. According to Ito and Que, a 
five-coordinate ferric center is crucial in the ex/raJ/oZ-cleavage mechanism. Jo and 
Que40 also suggested that a meridional coordination o f the ancillary ligand w i l l 
favour auto-oxidation o f the catecholate moiety during oxygenation process. Thus, it 
is not surprising that both ex/raJ/o/-cleavage products and benzoquinone were 
isolated upon oxygenation of 2. 
When compared with other Fe(III)-catecholate complexes wi th tripodal 
tetradentate supporting ligands, the Fe-Namino distances in 2-4 are longer than those o f 
2.221(3)人 in [Fe(TPA)(dbc)]+，2i 2.218(2) A in [Fe(BPG)(dbc)],2' and 2.224(3) A in 
[Fe(NTA)(dbc)]2-.i9 presumably, these differences may be ascribed to the steric 
requirement of the more bulky benzimidazolyl groups in our current complexes. 
The observed Fe-0 distances of 1.893(4) and 1.970(4) A in 2 are comparable 
to those of 1.899(1) and 2.012(1) A, and 1.882(1) and 1.903(1)人 in 3, and 1.912(2) 
and 1.972(2) A in 4. The two oxygen atoms on the catecholate moieties bind to the 
iron(III) center in an almost symmetrical manner, excluding the existence of semi-
quinone characters in these complexes. It is noteworthy that steric requirement of 
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the substitutents on the catecholate moieties appears not to impose miy effect on the 
Fe-0 bond distances. 
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1.3 EXPERIMENTALS FOR CHAPTER 1 
Materials: 
Acetone , acetonitrile , chloroform , diethyl e ther，dimethy l formamide , 
hexanes，methanol (Lab-Scan), ethanol (Merck), and ^-pentane ( B D H ) were used as 
received. Hydrated i ron(I I I ) chloride (Merck), nitr i lotr iacetic acid, sodium 
perchlorate (NaC104) (Aldr ich) and 1,2-phenylendiamine (Riedel-de Haen) were 
used as received. Triethylamine (Riedel-de Haen) was dried over sodium and 
disti l led under nitrogen before used. 3,5-di-/err-butylcatechol (Aldr ich) was 
recrystallized f rom hexanes whi le catechol and tetrachlorocatechol monohydrate 
(Aldr ich) were recrystallized f rom chloroform before used. Sil ica gel (70-230 mesh 
size) used for column chromatography was supplied by Macherey-Nagel. The l igand 
ntb was synthesized according to published procedure."^^ 
Synthesis of compounds: 
Synthesis of [Fe(ntb)Cl2]Cl. 4H2O, 1. To a solution o f FeCls • 6H2O (0.27 g，1 
mmol) in 20 m l ethanol at 60 °C was added ntb (0.407 g, 1 mmol) . The solution was 
then cooled to room temperature to give 1 as red microcrystals. Yie ld: 0.55 g (85 
%). M.P.: 221-224 (dec.). Anal. Calcd. for C24Cl3FeH29N7〇4: C，44.92; H, 4.55; 
N，15.28 %. Found: C, 44.95; H, 4.47; N, 14.97 %. 
Synthesis of [Fe(ntb)(dbc)l(C104) •2MeOH -HiO, 2. To a solution of 1 (0.06 g, 0.1 
mmol) in 50 m l ethanol-acetonitrile (v/v = 1:1) mixed solvent at room temperature 
was added dbcH: (0.022 g，0.1 mmol) under N2, fo l lowed by Et^N (0.03 ml, 0.2 
mmol) and NaCl〇4 (0.014 g, 0.1 mmol). The resulting purple solution was stirred at 
room temperature for 2 h and then concentrated under vacuum unti l a purple solid 
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was precipitated. Then, 2 m l o f acetone was added into the mixture and the resulting 
solution was kept at - 3 0 °C overnight to give 2 as dark purple microcrystals. Yield: 
0.063 g (75 %). M.p. 223-225。C (dec.). Anal . Calcd. for C38H47FeN709Cl: C, 
54.51; H, 5.62; N , 11.72%. Found: C, 54.31; H, 5.22; N , 11.79%. 
Synthesis of [Fe(ntb)(cat)](C104).H20, 3. To a solution o f 1 (0.06 g，0.1 mmol) in 
50 m l ethanol-acetonitrile (v/v = 1:1) mixed solvent at room temperature was added 
catHi (0.011 g, 0.1 mmol) under N2. Then EtsN (0.03 ml, 0.2 mmol) and NaClOg 
(0.014 g, 0.1 mmol) were added. The resulting dark green solution was stirred at 
room temperature for 2 h and then evaporated to dryness. The black powder 
obtained was washed w i th water and dried in an oven under 100 The crude 
product was redissolved in an acetone-ethanol (v/v 二 1:1) mixed solvent and layered 
w i th «-pentane. Black crystals o f complex 3 were formed w i th in one week. Yield: 
0.046 g (67 0/0). M.p.: > 400。C (dec.). Anal. Calcd. for CsoHsTFeNvOyCl: C, 52.29; 
H, 3.92; N，14.23 %. Found: C, 52.54; H, 4.07; N , 14.20 %. 
Synthesis of [re(ntb)(tcc)](C104) • Me2C(0) • H2O, 4. To a solution of 1 (0.06 g, 
0.1 mmol) in 50 m l acetone-acetonitrile-ethanol (v/v/v 二 2:2:1) mixed solvent at 
room temperature was added tccHi (0.0266 g, 0.1 mmol) under N2, fo l lowed by EtaN 
(0.03 ml, 0.2 mmol) and NaClCU (0.014 g，0.1 mmol). Af ter being stirred for 2 h, the 
resulting dark green solution was evaporated to dryness. The black powder was 
washed wi th acetone and then redissolved in an acetone-acetonitrile-methanol (v/v/v 
= 2 : 2 : 1 ) mixed solvent. The solution was fi ltered and the filtrate was allowed to 
evaporate slowly. Black crystals o f complex 4 were obtained after two weeks. 
Yield: 0.056 g (63 %). M.p.: 247-249。C (dec.). Anal. Calcd. for C33H29FeN7〇8Cl5: 
C, 44.77; H, 3.05; N, 11.08 %. Found: C, 44.63; H, 3.15; N, 11.16 %. 
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Identification of Oxidative Cleavage Products: 
Isolation of oxidative cleavage products of complex 2. A solution of 2 (0.38 g, 0.5 
mmol) in 100 ml D M F was stirred in a saturated oxygen environment for three days 
whereupon the colour o f the solution changed from purple to brown. A l l the 
volatiles were then removed in vacuo, giving a crude product mixture as dark brown 
solids, which were then redissolved in 5 ml CHCI3 and filtered by a silica gel column 
(70-230 mesh size) using CHCI3 as eluent. The resulting yel low mixture was 
concentrated in vacuo to ca. 10 ml before GCMS analysis. 
Ident i f icat ion of cleavage products. The purif ied product mixture was subjected to 
GCMS analysis on a Hewlett Packard GC(HP 6890)-MS(HP5973) analyzer equipped 
wi th a HP-5MS (5 % phenyl methyl siloxane) column. (Injection temperature: 250 
°C, init ial column temperature: 50 °C, then increased at a rate o f 10 min'^ to 260 
°C, which was maintained for 1 min). A retention time o f 13.19 min corresponded to 
3,5-di-^er/-butyl-l,2-benzoquinone (5) (52.9 %); mass spectra: [ M ] . 222 (3 %), [M-
CH3]+ 207 (13 %)，[M-2CH3]+ 192 (32 %), [M-'Bu]+ 164 (32 %) and [M-2 它u]十 108 
(36 %). A retention time of 13.34 min corresponded to 2,4-di-^err-butyl-5-oxo-2,5-
dihydrofliran-2-yl acetic acid methyl ester (6) (27.6 %); mass spectra: [M-》 i i ]+ 212 
(100 %), [M-'Bu-Me]+ 197 (80 %) and [M-2'Bii]+ 153 (43 %). A t retention time o f 
10.42 min for 3-?er?-butylfliran-2,5-dione (7) (2.3 %); mass spectra: [M]+ 156 (100 
%), [M-CHs]" 141 (42 %)，[M-CH3-0]+ 125 (4 %), [M-CH3-20]+ 109 (11 %) and 
[M-'Bu]+ 100 (8 0/0). A t retention time of 12.20 min for 3,5-di-rer?-butyl-2-pyrone 
(8) (1.6 %); mass spectra: [ M ] . 208 (10 %), [M-CH3]+ 193 (97 %), [ M - C O ] + 180 
(100 %)， [M-'Bii]+ 151 (40 %) and [M-2'Bii]+ 95 (38 %). A retention time of 14.09 
min corresponded to dbcH〗（2.7 %); mass spectra: [M]+ 222 (22 %), [M-CHs]"" 207 
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(100 %) and [M-2CH3]'" 191 (4 %). Standard 3,5-di"e"-butyl-l，2-beiizoquinone (5): 
retention time o f 13.07 min; mass spectra: [M]+ 222 (21 %), [M-CH^T 207 (100 %), 
[M-2CH3] . 192 (9 %), [M-它u]+ 164 (9 %) and [M-2 'Bu ]+ 108 (13 %). Standard 
dbcH2： retention time o f 14.08 min; mass spectra: [M]+ 222 (20 %), [M-CH3]+ 207 
(100 %) and [M-2CH3]'' 191 (4 %). 
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CHAPTER II. IRON(III) COMPLEXES CONTAINING N2O2 
AND N3O TYPE LIGANDS AS MODELS FOR 
INTRADIOL DIOXYGENASES 
I I . l INTRODUCTION 
I I . l . l Brief Remarks on Model Studies of Intradiol Dioxygenases 
Recently, A number o f ferric complexes mimik ing the enzymatic reactivity o f 
intradiol dioxygenases have been reported, most o f these complexes contain tripodal 
tetradentate ligands as supporting l i g a n d s . I t is because tripodal tetradentate 
ligands coordinate to the ferric center in a geometry that al low the catecholate 
moieties and dioxygen molecules to be bound to iron in adjacent position during 
oxygenation reaction.* Moreover, the high reactivity reported for complex 
[Fe(TPA)(dbc)](BPh4)i further encourage the use o f tripodal tetradentate ligands. 
In contrast, reports on the complexes that mimic the tyrosine and histidine 
coordination environment around the metal center o f intradiol dioxygenases were 
limited. Only tripodal ligands containing imidazole,^ benzimidazole^ and bipodal 
ligands containing phenolate and benzimidazole^ have been reported as supporting 
ligand o f model complexes for intradiol dioxygenases. 
II.1.2 Objective of This Work 
Unt i l now, reports on the analogue for the effect o f tyrosine and histidine 
coordination environment on the oxygenation reactivity o f model complex for 
intradiol dioxygenases are scarce. The objective o f this research work is to 
synthesize iron(III) complexes as structural models for the active site of intradiol 
dioxygenases. Two novel tripodal tetradentate ligands, containing benzimidazole 
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and phenolate pendants, were used to provide close mimics to the histidine and 
tyrosine coordination environment around the ferric center. Model complexes 
derived f rom these ligands together wi th those containing ntb may provide insights to 
the effect o f tyrosine and histidine coordination on the enzymatic activity o f the 
native enzymes. 
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I I .2 R E S U L T S A N D DISCUSSION 
I I .2 .1 Synthesis o f N i O i and Nj^O Type L igands 
The free ligand precursors [AyV-di-(2-benzimidazolylmethyl)-7V-(3,5-di-/e"-
butyl-2-hydroxybenzyl)] amine (L^H) and 2-[bis(3，5-di-&r/-butyl-2-
hydroxybenzyl)aminomethyl]benzimidazole ( L ^ U i f were synthesized as shown in 
Scheme I I - l . 
"BU3N, I —— 
SnCl„ toluene NaBH,, MeOH ^ ^ ^ ^ O H 口已「3’ C H C 、 
~ - ( C H , O V V ^ ^ c H O r.t.,1h 「. [，1 卜 
3 100°C, reflux 8-10 h g 10 
^ H N—V OH <ELN, THF, reflux 4 h m [ / V l O r y ^ 
L2H2 
EtgN, THF, reflux 4 h 
^ { OH 
0.5 eq. J h ( ^ N 、 N 
h n 力 ^ N 」 々 
12 LIH 
Scheme I I -1 . 
3,5-D\-tert-huty\-2-hydroxybenzaldehyde (9) was obtained from the reaction 
between 2,4-di-/e"-butyl phenol (8) and paraformaldehyde in the presence o f t in( IV) 
chloride and tributylamine in refluxing toluene. Reduction o f 9 wi th sodium 
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borohydride in methanol gave 3，5-di"e"-butyl-2-hydroxylbenzyl alcohol (10). 
Brominat ion o f 10 wi th phosphorus tr ibromide gave 3,5-di-/er/-butyl-2-
hydroxybenzyl bromide (11), which was the starting material for both L^H and L^Bj . 
A^^-Bis(benzimidazolylmethyl)amine (12) was synthesized by condensation 
reaction between phenylenediamine and iminodiacetic acid (Scheme I I -2) . The 
procedure was a modif ication o f the published procedure for the preparation o f 
Coupling o f 12 w i th 11 in THF, in the presence o f triethylamine, gave L^H as a pale 
yel low solid. 
H 
H 
^ ^ ^ N H ? c〇〇H 180°C y U / V 
、COOH { J j \ J 
12 
Scheme I I -2 . 
L^H2 was synthesized according to a similar procedure. 
Benzimidazolylmethylamine (13) was obtained by condensation reaction between 
phenylenediamine and iminoacetic acid (Scheme I I - 3 ) . " Reaction o f 13 wi th 11 in 
THF, in the presence of triethylamine, gave L^H2 as a yel low solid. 
/ ^ ^ N H , 八 180OC H . N ' ^ N 
+ H,N C〇〇H ^ H N . . ^ ^ / ^ + 2H2O 




The design o f these two ligands are based on several important features. 
Both L^H and L^H2 are tripodal tetradentate ligands which consist o f phenolate and 
benzimidazolyl functionalities. They are close mimics to both the histidine and 
tyrosine coordination o f the active site o f the enzymes.* Besides, the ^Bu substituents 
o f these ligands greatly enhance their solubil ity in organic solvents. This alleviates 
the problem due to poor solubility o f the benzimidazole groups and facilitate the 
study and characterization o f the model complexes. W i th a different number o f 
phenolate pendants on the benzimidazole analogue series (ntb, L^H, and L H?), iron 
complexes o f these ligands may provide insights to the effect o f tyrosine and 
histidine coordination on the reactivity o f the native enzymes. 
II.2.2 Synthesis of Model Complexes 
77.2.2.7 Model complex with ligand IJH 
The model complex [Fe(L^)(MeOH)Cl][BPh4] (14) was synthesized by 
treating hydrated iron(II I) chloride wi th L^H and sodium tetraphenylborate in 
methanol (Scheme I I-4). 
•Such a model complex was first reported in 1998.'^ However, the molecular structure and reactivity 
of this complex have not been reported. 
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r o 
\ / C I 
MeOH H ^ N / _ 
FeCl36H2〇 + U H + 3 NaBPh^ ^ N Y BPh^ 
r. t . ^ N h n ^ 广 Me 
^ D H 
14 
Scheme I I -4 . 
Complex 14 is a green crystalline substance which is highly soluble in 
methanol, ethanol, acetonitrile, and acetone. Single crystals suitable for X-ray 
structural determination were obtained by recrystallization o f 14 f rom methanol at 
room temperature. 
IL2.2.2 Model complex with ligand 
The complex [Fe(L^)Cl] (15) was synthesized by the reaction o f hydrated 
iron(II I) chloride with L^H2 in methanol (Scheme I I -5) . 
R 
MeOH H ^ N \ 
FeCl3 6H20 + L2H2 N V ^ CI 
r.t. 
15 
Scheme I I -5 . 
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Complex 15 is a purple crystalline substance which is also highly soluble in 
methanol, ethanol, acetonitrile，and acetone. Single crystals o f 15 suitable for X-ray 
crystallographic studies were obtained by recrystallization o f the compound from 
methanol at room temperature. 
11.2.3 Synthesis of Enzyme-Substrate Model Complexes 
The synthesis o f iron(III)-catecholate complexes derived f rom ligands L^ and 
] J were attempted by the reaction o f complexes 14 and 15 w i th the appropriate 
catechols under an inert atmosphere. 
11.2,3.1 Synthesis of enzyme-substrate model complexes from 14 
The enzyme-substrate model complexes [Fe(L^)(dbc)] (16) and [Fe(L^)(tcc)] 
(17) were prepared by the reaction o f 14 wi th the appropriate catechols under an inert 
atmosphere (Scheme I I -6) . 
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16: R1 =R3 = 'Bu, R2 = R4 = H. 
17: R1 = R2 = R3 = R4 = CI. 
Scheme II-6. 
Treatment o f 14 with dbcH? and tccH? in the presence of EtsN at 0 °C gave 
complexes 16 and 17 as purple and black crystals, respectively. Both complexes are 
highly soluble in methanol, ethanol and acetonitrile, but only slightly soluble in 
acetone and ethyl acetate. Although crystals o f 16 and 17 suitable for X-ray 
characterization could not be obtained, their empiral formula have been elucidated by 
mass spectrometry and elemental analysis. 
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IL2.3.2 Attempted synthesis of enzyme-substrate model complexes starting from 15 
Attempts to prepare Fe(III)-catecholate complexes containing the tripodal 
l igand l } were unsuccessful. Dark purple solids were obtained upon treatment o f 15 
w i th dbcH2, catH: and tccH?. In the case o f tccH�，recrystal l izat ion o f the dark 
purple solid f rom acetonitrile gave good quality crystals suitable for X-ray 
crystallographic studies. The formulat ion o f the product was determined to be 
[Et3NHMFe(tcc)3] (18). 
n .2 .4 Reaction of Complex 16 with Dioxygen 
As a comparison w i th the oxygenation reactivity o f complex 2 containing the 
l igand ntb, the reactivity o f complex 16 was studied. Complex 16 in D M F was 
reacted w i th dioxygen in atmosphere (Scheme I I -7) . The reaction was monitored by 
wavelength scan f rom 350 to 800 nm, using a Beckman DU-7500 Photo-Diode Array 
Spectrophotometer. 
〇2 
16 oxidative cleavage products 
DMF 
Scheme II-7. 
11.2,4.1 Oxygenation of [Fe(V)(dbc)] (16) in DMF 
A solution o f complex 16 in D M F (1.0 m M ) was reacted w i th dioxygen at 
room temperature. The reaction was monitored by a diode array UV-V is 
spectrophotometer wi th data taken every two hours (Figure II-2). The UV-V is 
spectrum o f complex 16 was dominated by two moderately intense absorption bands 
at 475 nm and 720 nm. The lower energy band is assigned to the catecholate-to-Fe"^ 
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charge-transfer transition,^ as those observed for complexes 2-4. The higher energy 
band is believed to be due to a charge-transfer between the ferric center and the 
phenolate moiety on ligand l A The decrease o f the lower energy band wi th time 
indicated the breaking o f the iron-catecholate bonds during the reaction. On the 
other hand, an increase in the absorbance at 385 nm wi th t ime indicated the 
formation o f oxidative cleavage products. The high energy absorption band 
remained unchange throughout the reaction, suggesting that l igand L^ may remain 
coordinated to the ferric center throughout the reaction. 
Kinetic study was carried out by monitoring the decay o f the lower energy 
absorption band wi th time (Figure II-3). A plot o f In(absorbance) vs time showed a 
straight line, indicating that the cleavage o f dbcH〗 obeyed a pseduo first order 
kinetics in the presence o f an excess o f d ioxygen . The init ial rate o f reaction was 
found to be 6 X 10'^ M"^ s'^ which is much lower than that o f complex 2 (3.5 M"^ s" 
1). This different may be ascribed to the higher electron-donating property o f the 
phenolate pendants coordinated to the ferric center o f complex 16 as compared to 
that o f the benzimidazolyl pendants in 2. The lower Lewis acidity o f the ferric center 
o f 16 causes a lower reactivity o f the complex as compared to that o f complex 2.^ 
This is consistent wi th a blue shift o f the lower energy absorption band (720 nm) 
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Figure II-3. Plot o f In(absorbance) (at 720 nm) versus time at room temperature. 
II.2.5 Identification of Oxidative Cleavage Products 
The oxidative cleavage products o f complex 16 were identified by GCMS 
analysis. 
11.2.5.1 Isolation of oxidative cleavage products of complex 16 
The oxidative cleavage products were obtained in situ by stirring a solution o f 
complex 16 in methanol under a saturated oxygen environment for one week. A l l the 
volatiles in the resulting mixture were removed in vacuo, giving a crude product 
mixture as a black solid. It was then redissolved in 5 ml chloroform and loaded onto 
a silica gel column using chloroform as eluent in order to remove the ferric salts that 
are present in the mixture. 
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11.2.5,2 Identification of cleavage products 
The pur i f ied product was subjected to GCMS analysis. A total o f 11 peaks 
were observed in the chromatogram at retention times o f 10.44, 11.45，12.21, 12.48, 
13.14，13.32, 13.37，14.07, 14.94，15.62 and 21.47 min, respectively. 
Similar to the cleavage products due to complex 2, two major products due to 
oxidative cleavage o f 16 were the auto-oxidation product 3,5-di- /er/-butyl- l ,2-
benzoquinone (5) (retention t ime 13.14 min, 24.5 %) and the m/raJzoZ-cleavage 
product 2,4-di-/er?-butyl-5-0X0-2,5-dihydrofliran-2-yl acetic acid methyl ester (6) 
(retention t ime 13.32 min, 24.2 %). 
Besides, the m/ra(izo/-cleavage product, 3 l f l i r a n - 2 , 5 - d i o n e (7) 
(retention t ime 10.44 min, 7.3 %) and the ex/raJzoZ-cleavage product, 2>,5-d.\-tert-
butyl-2-pyrone (8) (retention time 12.21 min, 2.0 %) were also observed in this 
system. The signal at retention time 13.37 m in was believed to be corresponded to 
4，6-di-rerrbutyl-2-pyrone (19) (2.5 %) (Figure II-4). 
Figure II-4. Structure o f 19. 
As an isomer o f 8, compound 19 was first observed in the oxidative cleavage 
products o f [Feii i(TACN)Cl(dbc)]. i3 It has been reported that 8 and 19 could be 
obtained by thermal conversion o f 6 inside a GC c o l u m n . i4 Moreover, two other 
extradiol-oXQdiWdigQ products, 3,5-di-^er^-butyl-5-(fonnyl)-2-furanone (20) (4.6 %) and 
c/5-cz5-3,5-di-^er?-butyl-2-hydroxymuconic acid (21) (2.1 %) were found at retention 
times 11.45 and 15.62 min, respectively. It has been suggested that 20 was obtained 
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by oxygenation reaction o f 4,6-di-^er^butyl- l-oxacyclohepta-4,6-diene-2,3-dione 
through an intermediate 21 (Scheme I I -8 ) . 
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The peak at retention t ime 14.07 m in was due to the presence o f unreacted 
dbcHi (5.2 %) in the reaction mixture. Peaks at retention times 12.48，14.94 and 
21.45 m in were not identif ied due to insuff icient information provided. Besides the 
unidentif ied peaks, oxygenation reaction o f complex 16 in methanol yielded mainly 
auto-oxidation and ex/rati/o/-cleavage products, which was similar to the case o f 
complex 2. This phenomenon provided hints for elucidating the structure o f 16. 
Since a five-coordinate ferric center w i th a meridional coordinating l igand favours 
extradiol-c\Q3Y2LgQ and auto-oxidation o f the catecholate moiety during oxygenation 
process as suggested by Que/^'^^ it is believed that the weak interaction between the 
iron center and the amino nitrogen on L^ (as supported by a long Fe-Namino distance 
o f 2.318(3) A 
in complex 14) renders complex 16 to exhibit a pseduo-trigonal 
bipyramidal geometry, which is similar to that observed for 2. 
II.2.6 Physical Characterization of L^H, L^Uj, Complexes 14-18 
Compounds L^H and L^H2 were characterized by elemental anaylsis, ' H and 
13c N M R spectroscopy, melting-point measurement, and mass spectrometry. 
Complexes 14-18 were characterized by elemental analysis (for 14-16 only), 
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melting-point measurement, mass spectrometry (for 16 and 17 only), EPR 
spectroscopy (for 16 only), in addition to single-crystal X-ray dif fract ion studies (for 
14,15 and 18 only). 
IL2.6A NMR spectra 
The 1 h and ^^C N M R spectral data for L^H and L^H2 are summarized in 
Table II-1. 
The ^H N M R spectrum of L^H shows no signal for the N H groups, properly 
due to its broadness. The ^H N M R spectrum of L^H2 shows one mult iplet and one 
broad signal at 7.32-7.35 and 7.63 ppm, which are assigned to the aromatic protons 
o f the benzimidazole group o f the ligand. The low intensity o f ^^C N M R signals o f 
the quaternary carbon o f the 'Bu groups for both L^H and L^H2 was due to their slow 
relaxation rate. The ^^C N M R signal for the -CN2 carbon in both L^H and L^H2 was 









































































































115.3 (3 peaks overlapping), 
34.3, 35.3 
121.7, 123.2, 124.1, 125.2, 






















































The melt ing-points o f ligands L ' H , L^H2, and complexes 14-18 were 
summarized in Table I I-2. 
Table II-2. Melting-points of Ligands L^H, L^Hi, and Complexes 14-18. 
Compound Melting-point 广C) 
L?H 201-203 
L^H2 214-218 
[Fe(L、(CH30H)Cl][BPh4] (14) 215-218 (dec.) 
[Fe(L2)Cl] (15) 213-215 (dec.) 
[Fe(L') (dbc)] (16) 277-281 (dec.) 
[Fe(Li)( tcc)] (17) 241-246 (dec.) 
[Et3NHMFe(tcc)3] (18) 188-193 (dec.) 
11.2.6.3 Mass spectra 
Accurate mass spectra (positive ion L - S I M S w i th N B A as matr ix) o f ligands 
L^H, L^H2, complexes 16 and 17 show their respective molecular ions at miz = 
496.3088 (calculated value = 495.6662), 584.4251 (calculated value 二 583.8556), 
770.3846 (calculated value 二 770.816), and 796.1107 (calculated value = 796.382)， 
respectively. A l l the values are consistent w i th their empirical formula. 
11.2.6.4 Cyclic voltammogram 
The electrochemical property o f complex 16 has been studied by cyclic 
voltammetry. The cyclic voltammogram o f 16 was shown in Figure II-5. A 
reversible oxidation peak was observed at E./^  二 94 m V (AE 二 81 mV) , which is 
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attributed to the coordinated dbsq/dbc coup le .〗No evidence o f reduction was 
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Figure II-5. Cyclic voltammogram of 16. Supporting electrolyte: 0.12 M 
[N"Bu4][BF4], sweep rate: 100 rnVs: 
IL2,6.5 EPR spectra 
The EPR spectrum of 16 at 4 K (Figure II-6) elicit a signal at g = 4.28, which 
is typical for a high-spin ferric center on an asymmetric monomeric complex. This is 
consistent wi th the spin-state of the iron center o f the native enzyme which retains its 
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Figure 11-6. EPR spectrum of 16 dissolved in MeOH. Spectrum at ca. 4 K was 
obtained at 9.448 GHz with 100 kHz modulation frequency and a 
sweep width of 1600 G. 
II.2.7 Molecular Structures of Complexes 14,15 and 18 
IL2.7,1 Molecular structure of [Fe(L^)(MeOH)ClJlBPhJ'MeOH (14) 
The molecular structure of complex 14 with the atom numbering scheme is 
shown in Figure II-7. Selected bond distances (A) and angles (。）are listed in Table 
II-3. Complex 14 crystallizes in a triclinic crystal system with the space group PT. 
The ferric center is coordinated to two benzimidazolyl nitrogens N ( l ) and N(3), one 
amino nitrogen N(5), and one phenolate oxygen atom 0(1) from ligand L \ together 
with one chlorine ion C l ( l ) and a oxygen atom of methanol 0(2), affording a 6-
coordinate complex with a distorted octahedral structure. The oxygen atom 0(1), the 
amino nitrogen N(5), the benzimidazolyl nitrogen atom N(3) and the chloride ion 
C l ( l ) define the equatorial plane (sum of angles = 360.25°). The remaining axial 
positions are occupied by the benzimidazolyl nitrogen N ( l ) and the oxygen atom 
0(2) of the methanol molecule with angle N( l ) -Fe( l ) -0 (2 ) of 162.9(1)。. In addition, 
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there are two lattice methanol molecules for every two molecules o f the compound in 
the unit cell o f 14. 
The structure o f 14 is similar to that o f complex 1. Both o f them exhibit a 
distorted octahedral geometry. The observed F e - N a m i n o bond distances in both 
complexes are similar {viz. 2.317(5) A in 1 and 2.318(3)人 in 14), which are longer 
than the average Fe -Nbenz im idazo iy i bond distances in the two complexes {viz. 2.120 A 
in 1 and 2.127 人 in 14), indicating a weak interaction between the iron center and the 
amino nitrogen o f ntb and respectively. However, as L^ carries one negative 
charge, the ferric center in 14 is additionally ligated by one chloride ion and one 
methanol molecule, instead o f two chloride ions as in 1. 
When comparing the two Fe -Nbenz im idazo i y i bond distances in 14，a noticeable 
difference is observed in the bond distance between Fe( l ) -N(3) (2.163(3) A ) and 
F e ( l ) - N ( l ) (2.091(3) A) . This is attributed to the trans effect o f the electron rich 
phenolate oxygen atom 0(1) coordinated to the ferric center. Moreover, the short 
bond distance for the Fe( l ) -0 (1) (1.860(2)人）indicated the absence o f the phenoxyl 
proton in the coordination. It is noteworthy that no base has been added during the 
preparation o f complex 14 (Scheme I I -4) . This suggests that the phenol 
functionality may be deprotonated readily during the reaction. 
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Table II-3. Selected Bond Distances ( A ) and Angles (。）for Complex 14. 
[Fe(L')(MeOH)Cl ] [BPh4]-MeOH (14) 
F e ( l ) - N ( l ) 2.091(3) Fe( l ) -N(3) 2.163(3) 
Fe( l ) -N(5) 2.318(3) Fe( l ) -0 (1 ) 1.860(2) 
Fe( l ) -0 (2 ) 2.116(3) Fe ( l ) -C l ( l ) 2.2301(11) 
N(3)-Fe( l ) -N(5) 74.16(10) N(3) -Fe( l ) -C l ( l ) 96.74(8) 
N(5) -Fe( l ) -0 (1) 87.26(10) 0 (1 ) -Fe ( l ) -C l ( l ) 102.09(7) 































IL2.7.2 Molecular structure of [Fe(L^)Cl]'MeOH (15) 
The molecular structure of complex 15 wi th the atom numbering scheme is 
shown in Figure II-8. Selected bond distances (入）and angles (。）are listed in Table 
II-4. Complex 15 crystallizes in a triclinic crystal system wi th the space group P-1. 
The ferric center o f 15 was coordinated to one benzimidazolyl nitrogen N(2), one 
amino nitrogen N ( l ) and two phenolate oxygen atoms 0 (1 ) and 0 (2 ) o f ligand L • 
Coordination o f a chlorine ion C l ( l ) completed a distorted trigonal bipyramidal 
environment around the ferric center. The two oxygen atoms 0(1) and 0(2) together 
wi th the benzimidazolyl nitrogen N(2) define the equatorial plane (sum of angles = 
355.74。). The remaining axial positions are occupied by the amino nitrogen N ( l ) 
and the chlorine ion C l ( l ) wi th the N ( l ) -Fe ( l ) -C l ( l ) angle o f 171.19(6)。. In the unit 
cell o f complex 15, one lattice methanol molecule is found for every molecule o f 15. 
The structure of 15 differs from that o f 1 and 14. Since coordination o f L on 
the ferric center leaves one positive charge on the complex, which favours 
coordination of one chloride ion. The coordination of solvent molecule is prevented 
by steric hindrance due to the bulky 'Bu groups on L ^ leaving 15 a 5-coordinate 
complex. The Fe-Namin�(2.298(2) A ) and Fe-Nbenzimidazoiyi (2.088(2) A ) bond 
distances in 1 5 are similar to the corresponding distances in 1 (viz. Fe-Namino： 
2.317(5) A, average F e - N b e n z i m i d a z o i y i： 2.089 A). 
75 
Table II-4. Selected Bond Distances ( A ) and Angles (。）for Complex 15. 
[Fe(L^)Cl]-MeOH (15) 
F e ( l ) - N ( l ) 2.298(2) Fe ( l ) -C l ( l ) 2.2930(11) 
Fe( l ) -N(2) 2.088(2) Fe( l ) -0 (1 ) 1.874(2) 
Fe( l ) -0 (2 ) 1.8337(18) 
N ( l ) - F e ( l ) - C l ( l ) 171.19(6) N ( l ) -Fe ( l ) - 0 (1 ) 122.38(9) 
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Figure II-8. 
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IL2.73 Molecular structure of [Et3NH]3[Fe(tcc)3�.H20 (18) 
The molecular structure o f complex 18 wi th the atom numbering scheme is 
shown in Figure II-9. Selected bond distances (人）and angles (。）are listed in Table 
II-5. Complex 18 crystallizes in an orthorhombic crystal system wi th the space 
group Pna21. The ferric center is coordinated by three pairs o f catecholate oxygen 
atoms from three tcc ligands, affording a 6-coordinate complex wi th a distorted 
octahedral structure. Oxygen atoms 0(2) , 0(4)，0(5), and 0(6) define the equatorial 
plane (sum of angles 二 361.87。). The two axial positions are occupied by the two 
oxygen atoms 0(1) and 0(3) with the 0 ( l ) -Fe ( l ) - 0 (3 ) angle being 168.51(5)°. 
The average Fe-0 bond distance o f 18 (2.024 A) is slightly longer than the 
corresponding distance in complex 4 (1.942 A). This may be attributed to the higher 
electron density found in the ate complex 18. The two oxygen atoms on each tcc 
ligand bind to the ferric center in a symmetrical manner, excluding the existence of 
semi-quinone characters. 
Table II-5. Selected Bond Distances (A) and Angles (。）for Complex 18. 
[Et3NH]3[Fe(tcc)3].H2〇(18) ‘ 
Fe( l ) -0(1) 2.0374(13) Fe( l ) -0(2) 1.9976(13) 
Fe( l ) -0(3) 2.0428(13) Fe( l ) -0(4) 1.9999(12) 
Fe( l ) -0(5) 2.0195(13) Fe( l ) -0(6) 2.0462(13) 
0( l ) -Fe( l ) -0 (3 ) 168.51(5) 0(2)-Fe(l)-〇(4) 100.65(5) 


























































II.3 EXPERIMENTALS FOR CHAPTER 2 
Materials: 
Acetone, acetonitrile, chloroform , diethyl ether, dimethylformamide, ethyl 
acetate, hexanes, methanol (Lab-Scan), ethanol (Merck), and acetic acid (BDH) were 
used as received. Hydrated i ron(I I I ) perchlorate, iminodiacetic acid, sodium 
hexafluorophosphate, sodium borohydride (Aldr ich), hydrated iron(I I I ) chloride, 
triborophosphate (Merck), 1,2-phenylendiamine (Riedel-de Haen), sodium 
tetraphenylborate, t in( IV) chloride (Acros), paraformaldehyde (Farco Chemical 
Supplies), and anhydrous magnesium sulphate (Mall inekrodt) were used as received. 
Triethylamine (Riedel-de Haen), tetrahydrofliran, and toluene (Lab-Scan) were dried 
over sodium and distil led under nitrogen before used. 3,5-di-^er^butylcatechol 
(Aldrich) was recrystallized from hexanes while catechol and tetrachlorocatechol 
monohydrate (Aldrich) were recrystallized f rom chloroform before used. Silcia gel 
(70-230 mesh size) used for column chromatography was supplied by Macherey-
Nagel. Benzyimidazolylmethylamine (13) was synthesized according to published 
procedure." 
Synthesis of compounds: 
Synthesis of 3 ,5-di-^^r^butyl-2-hydroxybenzaldehyde, 9. To a solution mixture o f 
3,5-di-?er^butylphenol (20.6 g, 100 mmol), tributylamine (9.6 ml, 40.0 mmol) in 15 
ml toluene was added dropwise SnCU (1.2 ml, 10.0 mmol) under N2. A white fume 
was observed immediately during the addition. Stirring was continued for 15 min at 
room temperature. Then paraformaldehyde (6.60 g, 220 mmol) was added and the 
mixture was refluxed at 100 °C for 10 h, fol lowed by quenching wi th water (20 ml). 
The residue was extracted with Et2〇(6 x 100 ml). The combined extract was dried 
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over anhydrous MgS04, concentrated and chromatographed on a silica gel column 
using CHCb/hexanes (v/v = 1:2) as eluent. The first band was collected and dried in 
vacuo to give a pale yel low solid. Yield: 19.2 g (82 %). 
Synthesis of 3，5-di-纽r fbutyl-2-hydroxybenzyl alcohol, 10. To a solution o f 9 
(3.52 g, 15.0 mmol ) in 50 m l M e O H was slowly added sodium borohydride (1.13 g， 
30.0 mmol) . The resulting colourless solution was stirred at room temperature for 1 
h. Then all the volatiles were removed in vacuo and the residue was dissolved in 50 
m l water, neutralized w i th acetic acid, fo l lowed by extraction w i th CHCI3 (3 X 150 
ml). The combined extract was dried over anhydrous MgS04, concentrated and 
chromatographed on a silica gel column using CHCI3 as eluent. The first band was 
collected and dried in vacuo to give a white solid. Yie ld: 3.44 g (97 %). 
Synthesis of 3 ,5- ( l i -胁M)uty l -2 -hydroxybenzy l b romide , 11. To a solution o f 10 
(3.44 g, 14.6 mmol) in 50 m l CHCI3 was added PBrs (0.7 ml , 7.3 mmol) . A white 
fume was observed immediately during the addition. The mixture was stirred at 
room temperature for 1 h, fo l lowed by quenching w i th 50 m l iced-water w i th 
vigorous stirring for 2 min. The organic layer was separated and the aqueous layer 
was extracted w i th CHCI3 (2 x 50 ml). The combined extract was dried over 
anhydrous MgSCU，concentrated, and dried in vacuo to give a pale yel low liquid, 
which was used for subsequent reaction without further purif ication. Yield: 4.23 g 
(97 %). 
Synthesis of iV^-b is(2-benz imidazoly lmethy l )amine, 12. A mixture o f 
iminodiacetic acid (6.66 g, 50 mmol) and 1,2-phenylendiamine (10.8 g，100 mmol) 
was heated to 180-200 °C for 2 h unti l no water vapor was given out. The resulting 
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purple solid was al lowed to cool to room temperature and then grounded to fine 
powder, fo l lowed by extraction in ref luxing methanol for 1 h. A l l the volatiles were 
then removed in vacuo and the resulting reddish brown residue was washed wi th 
Et20 (5 X 20 ml). Evaporation o f the ether solution gave the title compound as a grey 
solid, which was used for subsequent reactions wi thout further purif ication. Yield: 
9.28 g (67 %). 
Synthesis of [7V^-di-(2-benzimidazolylmethyl)-iV-(3,5-di-/£r^butyl-2-
hydroxybenzy l ) ]amine, L^H . To a suspension o f 12 (1.47 g, 5.3 mmol ) in 30 m l 
THF under N2 was added dropwise a solution o f 11 (1.58 g, 5.3 mmol) in 30 m l 
THF. The resulting red mixture was stirred at room temperature for 5 min. EtsN 
(0.73 ml , 5.3 mmol) was added and the mixture was ref luxed for 4 h. The resulting 
orange suspension was hot filtered, concentrated, and chromatographed using ethyl 
acetate as eluent. The third band was collected and dried in vacuo to give a pale 
yel low solid. Yield: 0.73 g (28 %). M.p.: 201-203。C. Anal. Calcd. for CsiHjvNsO-
C4H8O2： C, 72.01; H, 7.77; N，12.00 %. Found: C, 72.62; H，7.74; N, 12.63 %. ^H 
N M R (300.13 MHz , CD3OD): 5 7.55 (q, J二 3.0 Hz, 4 H, Ar)，7.23 (q, J = 3.0 Hz, 4 
H, Ar ) , 7.10 (d, y = 2.4 Hz, 1 H, Ar) , 6.90 (d, J = 2.4 Hz, 1 H, Ar ) , 4.01 (s, 4 H, 
CH2), 3.86 (s, 2 H, CH2), 1.35 (s，9 H， 'Bii), 1.21 (s, 9 H， 'Bu). " c N M R (75.47 
M H z , CDCI3): 6 153.3, 151.4, 141.6, 137.9, 136.9, 125.2, 124.1, 123.2, 121.7, 115.3 
(3 peaks overlapping), 58.3, 50.3, 35.3, 34.3, 31.8, 29.9. H R M S (L-SIMS): m/z 
496.3088 (calcd. for C31H37N5O, [M]+ - 495.6662). 
Synthesis of 2-[bis(3,5-di-r^rr-butyl-2-
hyclroxybenzyl)aminomethyl]benzimidazole, iJUj. To a solution o f 11 (1.79 g, 
6.0 mmol) in 50 ml THF was added dropwise a solution o f 1 3 (1.06 g, 3.0 mmol) in 
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50 ml T H F under N2. The resulting pale brown mixture was stirred for 5 min and 
was added EtsN (0.84 ml, 6.0 mmol) at room temperature. The mixture was refluxed 
for 4 h and the resulting orange-red suspension was fi l tered, concentrated and 
chromatographed on a silica gel column using ethyl acetate as eluent. The second 
band was collected and dried in vacuo to give the title compound as a pale yel low 
solid. Y ie ld : 0.73 g (42 %). M.p.: 214-218 ^H N M R (300.13 M H z , CDCI3): 5 
7.63 (br, 2 H, Ar)，7.32-7.35 (m, 2 H, Ar ) , 7.27 ( d ， 2 . 4 hz, 2 H , Ar)，6.99 ( d ’ J = 
2.4 Hz, 2 H, Ar ) , 3.97 (s, 2 H, CH2), 3.94 (s, 4 H, CH2), 1.44 (s, 18 H, ^Bu), 1.30 (s， 
18 H, 'Bu). 13c N M R (75.47 M H z , CDCI3): 5 160.0，142.7，138.7，135.3, 129.0, 
125.6, 115.8, 114.7，114.4，112.9, 107.3 (2 peaks overlapping), 60.3,53.0, 43.5, 42.7, 
40.7，39.1. H R M S (L-SIMS): m/z 584.4251 (calcd. for C38H53N3O2, [M]+ 583.8556). 
Synthesis of [Fe(L^)(MeOH)Cl] [BPh4]. MeOH, 14. To a solution o f FeCls • 6H2O 
(0.27 g, 1.0 mmol ) and NaBPlu (1.03 g, 3.0 mmol ) in 50 m l M e O H was added a 
solution o f L^H (0.50 g, 1.0 mmol ) in 100 m l MeOH. Af te r stirr ing at room 
temperature for 1 day, the solution was fi l tered and concentrated to ca. 20 m l to give 
14 as green crystals in 3 days. Yield: 0.74 g (91 %). M.p.: 215-218 (dec.). Anal. 
Calcd. for C57H64N5〇3BFea: C, 69.49; H, 6.55; N , 7.11 %. Found: C, 69.88; H, 
6.60; N，7.40 0/0. 
Synthesis of [Fe(L^)Cl] • MeOH, 15. To a solution o f FeCb • 6H2O (0.27 g，1.0 
mmol) in 50 m l M e O H was added a solution o f L^U j (0.58 g, 1.0 mmol) in 50 ml 
MeOH. The mixture was stirred at room temperature for 2 h. The resulting purple 
solution was filtered, concentrated to ca. 15 m l to give 15 as purple microcrystals 
w i th in 1 day. Yield: 0.57 g (84 %). M.p.: 213-215 °C (dec.). Anal. Calcd. for 
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C38H5iN302FeCl: C, 67.80; H, 7.64; N , 6.24 %. Found: C，67.69; H, 7.73; N，6.15 
%. 
Synthesis of [Fe(L^)(dbc)] -SHzO, 16. To a solution o f 14 (0.41 g, 0.5 mmol ) in 100 
ml ethanol-acetonitrile (v/v =1:1) mixed solvent under N2 was added dbcH〗(0.11 g, 
0.5 mmol ) at room temperature, fo l lowed by EtsN (0.14 ml , 1.0 mmol ) at 0 °C. The 
resulting purple solution was stirred at room temperature for 1 day and then 
evaporated to dryness. The purple solids obtained were washed w i t h water and dried 
in vacuo. The solid residue was redissolved in 10 m l M e O H and then layered w i th 5 
m l acetone. Dark purple microcrystals o f 16 were obtained upon standing at room 
temperature for 2 days. Yie ld: 0.59 g (72 %). M.p. 277-281 (dec.). Anal . Calcd. 
for C45H62N506Fe: C, 65.53; H, 7.58; N , 8.49 %. Found: C, 65.75; H , 7.48; N, 8.62 
0/0. H R M S (L-SIMS): miz 770.3846 (calcd. for CAsHssFeNsCb, [M]+ = 770.816). 
Synthesis o f [Fe(L^)(tcc)], 17. To a solution o f 14 (0.41 g, 0.5 mmol ) in 100 m l 
ethanol-acetonitrile (v/v = 1:1) mixed solvent under N2 was added tccH: (0.12 g, 0.5 
mmol) at room temperature, fo l lowed by EtsN (0.14 ml, 1.0 mmol ) at 0。C. The 
resulting black solution was stirred at room temperature for 1 day and then 
evaporated to dryness. The black solid residue was washed w i th water and dried in 
vacuo. The crude product was redissolved in 20 m l M e O H and then layered w i th 5 
m l o f acetone. Black microcrystals o f 17 were obtained upon standing at room 
temperature for 3 days. Yield: 0.27 g (68 %)• M.p. 241-246。C (dec.). HRMS (L-
SIMS): m/z 796.1107 (calcd. for CsTHseFeNsOjCU, [M]+ = 796.382). 
Synthesis of [Et3NH]3[Fe(tcc)3] .H2O，18. To a solution o f 15 (0.68 g, 1 mmol) in 
100 m l ethanol-acetonitrile (v/v = 1:1) mixed solvent under N2 was added tccHb 
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(0.25 g, 1 mmol) at room temperature, fo l lowed by the addition o f E t j N (0.28 ml, 2.0 
mmol) at 0 °C. The resulting purple solution was stirred at room temperature for 1 
day and then evaporated to dryness. The purple solids obtained were washed wi th 
water and then evaporated to dryness. The crude product was redissolved in 15 m l 
acetonitrile. Purple crystals o f 18 were obtained after 1 week. Yie ld: 0.30 g (81 %). 
M.p. 188-193。C (dec.). 
Identification of Oxidative Cleavage Products: 
Isolation of oxidative cleavage products of complex 16. A solution o f 16 (0.41 g, 
0.5 mmol) in 100 m l D M F was stirred under a saturated oxygen environment for 1 
week whereupon the colour o f the solution changed f rom purple to brown. A l l the 
volatiles were then removed in vacuo, giving a crude product mixture as dark brown 
solids, which were then redissolved in 5 ml CHCI3 and filtered by a silica gel column 
(70-230 mesh size) using CHCI3 as eluent. The resulting yel low mixture was 
concentrated in vacuo to ca. 10 m l before GCMS analysis. 
Ident i f icat ion of cleavage products. The puri f ied product mixture was subjected to 
GCMS analysis using a Hewlett Packard GC(HP 6890)-MS(HP5973) analyzer 
equipped wi th a HP-5MS (5 % phenyl methyl siloxane) column. (Injection 
temperature: 250 °C, init ial column temperature: 50 °C, then increased at a rate o f 10 
°C min-i to 260 which was maintained for 1 min). Retention time o f 13.19 min 
for 3,5-di-^er^butyl-l,2-benzoquinone (5) (52.9 %); mass spectra: [M]+ 222 (3 %), 
[M-CH3]+ 207 (13 %), [M-2CH3]+ 192 (32 %), [M」Bu]+ 164 (32 %) and [M-2,Bu]+ 
108 (36 %). Retention time of 13.34 min for 2，4-di"e"-biityl-5-oxo-2’5-
dihydrofl iran-2-yl acetic acid methyl ester (6) (27.6 %); mass spectra: [M- 'B i i ]+ 212 
(100 %), [M-'Bi i -Me]+ 197 (80 %) and [M-2'Bii ]+ 153 (43 %). Retention time of 
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10.42 min for 3-化r/-butylfliran-2,5-dione (7) (2.3 %); mass spectra: [1VI]+ 156 (100 
%), [M-CH3]+ 141 (42 %), [M-CH3-0]+ 125 (4 %), [M-CHr2〇 ]+ 109 (11 %) and 
；M-'Bu]^ 100 (8 %). Retention time of 12.20 min for 3,5-di-/er/-butyl-2-pyrone (8) 
(1.6 %); mass spectra: [M]+ 208 (10 %), [M-CH3]+ 193 (97 %), [M-C=0]+ 180(100 
%), [ M " B i i ] + 151 (40 %) and [M-2'Bu]+ 95 (38 %). Retention time o f 14.09 min for 
dbcH2 (2.7 %); mass spectra: [M]+ 222 (22 %), [ M - C H ] ] . 207 (100 %) and [M-
20^3]+ 191 (4 %). Retention time o f 13.37 min for 4,6-di-&"-butyl-2-pyrone (19) 
(2.5 %); mass spectra: [M]+ 207 (14 %), [M-'Bu]+ 151 (69 %), and [M-2它u]+ 95 (41 
%). Retention time of 11.45 min for 3,5-di-^er?-butyl-5-(formyl)-2-fliranone (20) 
(4.6 %); mass spectra: [M-'Bu]+ 181 (84 %). Retention time of 15.62 min for cis-cis-
3,5-di-^err-butyl-2-hydroxymuconic acid (21) (2.1 %); mass spectra: [M-COOH]+ 
226 (11 %), [M-它u-OH]+ 196 (80 %) and [M-2C〇〇H]+ 181 (100 %). Standard 3,5-
di-^er^-butyl-1,2-benzoquinone (5): retention time of 13.07 min; mass spectra: [M]+ 
222 (21 %)’ [M-CH3]+ 207 (100 %)，[M-lCHs]"" 192 (9 %), [M-它 i i ]+ 164 (9 %) and 
[ M - 2 ^ u ] + 108 (13 %). Standard dbcH�： retention time o f 14.08 min; mass spectra: 
[M]+ 222 (20 %), [M-CH3]+ 207 (100 %) and [M-2CH3]+ 191 (4 %). 
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General Procedures and Physical Measurements 
A l l manipulations dealing wi th air sensitive compounds were carried out 
under a purif ied nitrogen atmosphere using standard Schlenk techniques. A l l 
solvents were distil led under nitrogen over sodium wires (THF and toluene) or 
magnesium metal (MeOH) and degassed twice prior to use. 
^H and ^^C spectra were recorded on a Bruker DPX 300 spectrometer at 
300.13 M H z and 75.47 MHz, respectively. A l l spectra were either recorded in 
CD3OD or CDCI3 solutions. Chemical shifts 5 were referenced to residual solvent 
protons at 3.31 (CD3OD) and 7.24 ppm (CDCI3) (for ^H N M R ) , and 49.00 (CD3OD) 
and 77.16 ppm (CDCI3) (for ^^C NMR) , respectively. Mass spectra were obtained on 
a Bruker A P E X FTMS spectrometer (positive ion L-SIMS, N B A as matrix). UV-V is 
spectra were recorded on a Beckman DU-7500 Photo-Diode Array 
spectrophotometer using quartz cells o f 1 cm pathlength. C, H, N elemental analysis 
were performed by M E D A C Ltd., Brunei University, UK . Melting-points were 
recorded on an Electrothermal melting-point apparatus and were uncorrected. EPR 
spectra were obtained on a Bruker E M X EPR spectrometer equipped wi th an Oxford 
Instrument helium-flow cryostat. GCMS analysis were performed by a Hewlett 
Packard GC(HP 6890)-MS(HP5973) analyzer equipped wi th a HP-5MS (5 % phenyl 
methyl siloxane) column. Cyclic voltammograms were recorded on a BAS CV-50W 
voltammetric analyzer. A l l sample were measured in a cell consisted o f a platinum-
foi l working electrode, a platinum ball counter electrode, and a silver-wire reference 
electrode. A l l samples were measured in MeOH wi th 0.15 M [N"Bu4][BF4] as 




Selected Crystal lographic Data for Complexes 1 -4 ,15 ,16 and 18 
Table A-1. Selected crystallographic data for complexes 1-4. 













































Crystal size (mm) 
0.40 X 0.30 X 0.28 
0.42 X 0.38 X 0.30 
0.40 X 0.26 X 0.24 






























































































































































Crystal size (mm) 
0.32 X 0.30 X 0.20
 
0.28 X 0.25 X 0.24 








































































































Other Physical Data for Ligands L^H, j J U i , and Complexes 2 and 16 
Figure A - L ^H N M R spectrum o f l igand L^H. 
Figure A-2. ^^C N M R spectrum o f ligand L^H. 
Figure A-3. ^H N M R spectrum o f ligand L^H?. 
Figure A-4. ^ C N M R spectrum o f ligand L^Eb. 
Figure A-5. GC spectrum o f the oxidative cleavage products o f complex 2. 
Figure A-6. - A-11. Mass spectra o f the oxidative cleavage products o f complex 2. 
Figure A-12. GC spectrum o f the oxidative cleavage products o f complex 
16. 
Figure A-13. - A-23. Mass spectra o f the oxidative cleavage products o f complex 
16. 
Figure A-24. GC spectrum o f dbcH〗 standard. 
Figure A-25. Mass spectrum of dbcH〗 standard. 
Figure A-26. GC spectrum o f dbcq standard. 
Figure A-27. Mass spectrum o f dbcq standard. 
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Figure A-13. Mass spectrum of retention time 10.44 (complex 16). 
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Figure A-10. Mass spectrum of retention time 14.09 min (complex 2). 
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Figure A-15. Mass spectrum o f retention time 12.21 (complex 16). 
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Figure A-16. Mass spectrum of retention time 12.48 (complex 16), 
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Figure A-10. Mass spectrum of retention time 14.09 min (complex 2). 
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Figure A-19. Mass spectrum of retention time 13.37 (complex 16). 
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Figure A-10. Mass spectrum of retention time 14.09 min (complex 2). 
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Figure A-21. Mass spectrum o f retention t ime 14.94 (complex 16). 
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Figure A-10. Mass spectrum of retention time 14.09 min (complex 2). 
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Figure A-23. Mass spectrum o f retention t ime 21.47 (complex 16). 
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Figure A-24. GC spectrum o f dbcHi standard. 
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Figure A-25. Mass spectrum of retention time 14.08 min (dbcHi standard). 
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Figure A-26. GC spectrum o f dbcq standard. 
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Figure A-27. Mass spectrum of retention time 13.08 min (dbcq standard). 
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